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PREFACE TO THE 36TH THOUSAND. 
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and to Mr. A. Fowler, Demonstrator of Astronomy, 
Mormal School of Science, for their help in the revision 
and in the reading of proof sheets. 

J. Norman Locky£r. 
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PREFACE TO FIRST EDITION 



These ^Elementary Lessons in Astroooniy'' are in- 

tended, in the main, to serve as a text -book for use 
in Schools, but I believe they will be found useful to 

children of a larger growth,'' who wish to make them- 
selves acquainted with the basis and teachings a£ one of 
the most fascinating of the Sciences. 

The arrangement adopted is new ; but it is the lesult 
of much thought* I have been especially anxious in the 
descriptive portion to show the Sun's ica.1 place in the 
Cosmos, and to separate the real from the apparent 
movements. I have therefore begun with the Stars, and 
have dealt with the apparent movements in a separate 
chapter. 

It may be urged that this treatment is objectionablei 
ad it reduces the mental gymnastic to a minimum ; it 

is right, therefore, that I should state that my aim 
throughout the book has been to give a connected view 
of the whole siibject rather than to disrnss any particular 
parts of it ; and to supply facts, and ideas founded on 
the factSy to serve as a basis for subsequent study and 
discussion. A companion volume to the present one — I 
allude to the altogether admirable " Popular Astronomy" 
from the pen of the late Astronomer Royal — ^may, from this 
})oint of view, be looked upon as a sequel to two or three 
chapters in this book. 
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PREFACE 



It has been my especial endeavour to incorporate the 
most recent astronomical discoveries. Spectrum-analysis 
and its results are therefore fully dealt with ; and distances, 
masses, &c., are based upon the recent determination of 

the solar parallax. 

The use of the Globes and of the Telescope have both 
been touched upon. Now that our best opticians are 
employed in producing " Educational Telescopes/' more 
than powerful enough for school purposes, at a low price, 
it is to be hoped that this aid to knowledge will soon 
find its place in every school, side by side with the black- 
board and much questioning. 

All the steel plates in the book, acknowledged chefs- 
d^csuvres of astronomical drawing, have been placed at 
my disposal by my friend Mr, Warren De La Rue- 
I take this opportunity of expressing my thanks to 
him, and also to the Council of the Royal Astrono- 
mical Society, M. Guillemin, Mr. R. Bentley, the Rev. 
H. Godfray, Mr. Cooke, and Mr. Browning, who have 
kindly supplied ine with many of the other illustrations. 

I am also under obligations to other friends, espe- 
cially to Mr. Balfour Stewart and Mr. J. M. Wilson, for 
valuable advice and criticism, while the work has been 
passing through the press. 

J. N. L. 
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INTRODUCTION. 



General Notions.— The Uses of Astronomy. 



I. At night, if the sky be cloudless, we sec it spangled 
with so many stars^ that it seems impossible to count 
them ; and we see the same sight whether we arc in Eng- 
land, or in any other part of the world. The earth on 
which we live is, in fact, surrounded by stars on all sides ; 
and this was so evident to even the first men who studied 
the stars that they pictured the earth standing in the centre 
of a hollow crystal sphere, in which the stars were fixed 
like golden nails. 

a. In the daytime the scene is changed ; in place of 
thousands of stars, our eyes behold a glorious orb whose 
rays light up and warm the earth, and this body we call 
the sun. So bright are his beams that, in his presence, all 
the " lesser lights," the stars, are extinguished. But if we 
doubt their being still there we have only to take a candle 
from a dark room into the sunshine to understand how 
their feeble light, like that of a candle, is put out by the 
greater light of the sun. 

a. There are, however, other bodies which attract our 
attention. The moon shines at night now as ac re scent 
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and now as a full moon, sometimes rendering the stars 
invisible in the snme way as the sun does, tlioii<2^h in a less 
degree, and showmi^^ us by its changes that there is some 
difference between it and the sun : for while the sun always 
appears round, because we receive light from all parts of 
its surface turned towards us, the shape of the bright or 
lit-up portion of the moon varies from night to night, that 
part only being visible which is turned towards the sun. 

A, Again, if we examine the heavens more closely still, 
we may see, after a few nights' watching, one, or perhaps 
uvo, of the brighter stars" change their position with 
regard to the stars lying near them, or with regard to the 
sun if we watch that body closely at sunrise and sunset. 
These are the planets j the ancients called them wandering 
stars.' ' 

5. But the planets are not the only bodies which move 
across the face of the sky. Sometimes a eomet may by its 
sudden appearance and strange form awaken our interest 
and make us acquainted with another class of objects unlike 
any of those which we have previously mentioned. 

6. Such are the celestial bodies ordinarily visible to us. 
Far aN\ ay, and comparalively so dim that llic naked eye 
can makehttle out of them,lie theneb«l0e,so called because 
in the telescope they often put on strange cloud like forms ; 
they differ as much from stars in their appearance as 
comets do from planets. 

7. There are other bodies, to which we shall refer by and 
by. But we will, in this place, content ourselves with 
stating generally what Astronomy teaches us concerning 
star and sun, moon and planet, comet and nebula. 

a. To begin then with the stars. So far from being 
fixed, and being stuck as it were in a hollow glass globe, 
which state of things would cause all la be at pretty 
nearly equal distances from us,theyare all in rapid motion, 
and their distances vary enormously; although alt of 
them are so very far away that they appear to us to be at 
rest, as a ship docs when sailing along at a great distance 
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from us. In spite, however, of their great and varying dis- 
tances, science has been able to get a mental bird's-eye view 
of all the hosts of stars which the heavens reveal toonr eyes, 
as they would appear to us if we could plant ourselves far 
on the other side of the most distant one. The telescope 
— an instrument which will be fully described further on — 
has, in fact, taught us that all the stars which we see, form, 
after all, but a cluster of islands as it were in an infinite 
ocean of space ; so that we may think of all the stars 
which we see as forming our visible uniTerse, and when 
we have got that thought well into our minds we may 
think of parts of spar ? bevond our ken containing other 
universes, as there are other towns besides London in 
England. 

9. Further, we know that our sun is one of the stars 
which compose this star-duster, and that the reason that 
it appears so much bigger and brighter than the other stars 
is simply because it is the nearest star to us. 

We all of us know how small a distant house looks or 
how feebly a distant gas-lamp or candle seems to shine ; 
but the distant house may be larger than the one we live 
in, or the distant light may really be brighter than the 
one which, being nearer to us, renders the other insig- 
nificant. It is precisely so with the stars. Not only would 
they appear to us as bright as the sun, if we were as near 
to them, but we know for a fact that some of them are 
larger and brighter. 

10. Now, why do the stars and the sun shine? 
They shine, or give out light, because they are 
red or white hot. At the surfaces of some, vapours of 
metals are mingling together with a heat more fierce than 
anything we can imagine. In others we have meteorites 
in collision, and the light is produced fioiu these and the 
surrounding vapours. 

11. What, then, arc the planets? We may fust state 
that they are comparatively small bodies travelling round 
our sun at various distances from him. Our earth is one of 
them. A moment's thought on what we have said about 
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the sun and stars will, however, show us another important 

difference betw een the planets and the sun. We have seen 
that the sun is a white-hot body ; our eanh, we know, 
is, on the contrary, a cold one ; all the heat we get is 
from the sun. Because the earth is cold it cannot give out 
light any more than a cold poker can. Astronomers 
have learnt that all the other planets are like the earth in 
this respect. They are all dark bodies — having no light 
in themselves^and they all, like iiS| get their light and 
heat from the sun. When, therefore^ we see a planet 
in the sky, we know that its light is sunshine second- 
hand ; that, as far as its light is concerned^ it is but a 
looking-glass reflecting to us the light of the sun. 

Wc have now got thus far: planets are dark or 
obscure, or non-self-luminous bodies travelling 
round the sun, which is a bright body — bright 
because it is white hot; and the sun is a star, 
one of the stars which together form our universe; 
the reason that it appears larger and brighter than 
the other stars being because we are nearer to it than 
we are to the others. It seems likely that the other 
stars have planets revolving round them, although astron- 
omers have as yet no positive knowledge on the matter, 
as they are so very far away that the telescopes we pos- 
sess at present are not powerful enough to show us their 
planets, if they have any. 

12. We now come to the moon. What is it ? The 
moon goes round the earth in the same way as we have 
seen the planets revolving round the sun : it is in fact a 
planet of the earth ; it is to the earth what the earth is to 
the sun. Like the earth and planets, it is a dark body, 
and this is the reason it does not always appear round as 
the sun does. We only see that part of it that is 
lit up bythesun. In the moon we have a specimen of 
a third order of bodies called aateUltes, or companions, 
as they are the companions of the planets, accompany* 
ing them in their courses round the sun. 
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We have then to sum up again— (i) the sun, a star, 
(2) the planets revolving round the sun, and (3) 
satellites revolving round planets. 

13. The nebulK represent an early stage in the history 
of all stars. All the bodies in the universe are undoubt- 
edly different aggregations of meteorites, and the differ- 
ences between ^em are due to the different states of 
condensation. The light of the self-luminous bodies is 
due to the heat produced by collisions due to gravity. 
Nebulae are the most sparse and scattered swarms of 
meteorites ; the collisions are few and their light is 
consequently feeble. By the gradual condensation of the 
swarms, collisions become more numerous, the tempera- 
ture is increased, and different orders of stars arc formed. 

Comets are similar in constitution to the nebula? and 
some stars, and differ from them only in coming within 
the limits of our system. They rush for the most part 
from distant regions to our sun^ and having gone round 
him they go back again, and we only see them for a small 
part of their journey. 

14* Such, then, are some of the bodies with which 
the science of Astronomy has to deal : but astronomers 
have not rested content with the appearances of these 
bodies : they have measured and weighed them in order 
to assign to them their true place. Thus they have found 
out that the sun is 1,305,000 times larger than the earth, 
and the earth 50 times larger than the moon. On the 
other hand, as we have seen, they have discovered that, 
while we travel round the sun, the moon travels round us, 
and at a distance which is quite insignificant in comparison. 
In other words, the moon travels round us at a distance 
of 238,000 miles, while we travel round the sun at a 
distance of 93,000,000 miles. 

15. We thus see how it is that the greater size of the 
sun is balanced, so to speak, by its greater distance ; the 
result being that the large distant sun looks about the 
same size as the small near moon. 



Digitized by Google 



6 



ASTRONOMY. 



\ '" — ■ - 

16. We already see how enormous are the distances 
dealt with in astronomy, a1thon«Th they are measured in 
the same way as a land-surveyor measures the breadth of 
a river that he cannot cross. The numbers we obtain 
when we attempt to measure any distance beyond our own 
little planetary system convey no impression to the mind. 
Thus the nearest fixed star is more than 2510009000^000,000 
miles away, the more distant ones so far away that light, 
which travels at the rate of 186,300 miles in a second of 
time, requires thousands of years to dart from the stars to 
our eyes ! 

17. In spite, however, of this iminensity, the methods 
emplo} ( d by astronomers are so sure that, in the case of 
the nearer bodies, their distances, sizes, weights, and 
motions are now well known. We can indeed predict the 
place that the moon — ^the most difficult one to deal with 
^will occupy ten years hence, with more accuracy than we 
can observe its position in the telescope. 

18* Here we see the utility of the sciencei and how 
upon one branch of it, PHYSICAL Astronomy, which 

deals u ith the laws of motion and the structure of the 
heavenly bodies, is founded another branch. Practical 
Astronomy, which teaches us how their movements may 
be made to help mankind. 

19 • Let us first see what it does for our sailors and 
travellers. A ship that leaves our shore for a voyage 
round the world takes with it a book called the " Nautical 
Almanac/' prepared de/arehand^three or four years in 
advance— by our Government astronomers. In this book 
the places the moon, sun, stars, and planets will occupy at 
certain stated hours for each day are given, and this 
information is all our sailors and travellers require to find 
their way across pathless seas or unknown lands. 

20. But wc need not go on board ship or into new 
countries to find out the practical uses of Astronomy. It 
is Astronomy which teaches us to measure the flow of 
time, the length of the day, and the length of the year : 
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without Astronomy to regulate them, clocks and watches 
would be alniobt impossible, and quite useless. It is 
Astronomy which divides the year into seasons for us, and 
teaches us the times of the rising and setting of the moon, 
which lights up our night. It is to Astronomy that we 
must appeal when we would inquire into the early history 
of our planet, or when we wish to map its surface. 

ftl- Suchy then, is Astronomy — ^the science which, as 
its name, derived from two Greek words (aori^p, star,^ 
and vofios, ''law/') implies, unfolds to us the laws of the 
stars. 
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THE STARS AND NEBULAE. 

Lesson I. — Magnitudes €md Distances of the Stars^ 

Shape of our Universe. 

92. The first thing- which strikes us when we look at 
the stars is, that they vary very much in brightness. All of 
those visible to the naked eye are divided into six classes 
of brightness^ called mmcnitadefly" so that we speak of a 
very brilliant one as ^'a star of the first magnitude 
of the feeblest visible as a star of the sixth magnitude, 
and so on. The number of stars of all magnitudes visible 
to the naked eye is about 6,000 ; so that the greatest number 
visible at any one time — as we can only see one half of 
tlie sky at once — ^is 3,000. If we cuiplu) a. bMiall telescope 
this number is largely increased, as that instrument enables 
us to see stars too feeble to be perceived by the eye alone. 
For this reason such stars are called telescopic stars. 
The stars thus revealed to us still vary in brightness, and the 
classification into magnitudes is continued down to the 
I2thy 14th, i6th, or even lower magnir k1cs, according to 
the power of the telescope ; in powerful telescopes at least 
zopQOpQO stars down to the 14th magnitude are visible. 

&3* A star of the sixth magnitude is^ as we have seen. 
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the faintest visible to the naked eye. It has been estimated 
that the other *stars are brighter than one of the sixth 

inagnitude,by the number of times shown in the following 
table ;- • 



limes. 

A star of the 5th magnitude 2 

4th „ 6 

3d „ 12 

V 2d „ 25 

1st „ 100 

SiriuSy the brightest of the! 

1st magnitude stars . . j 
The Sun, the nearest starl ^ 

' y 2,400)000.000,000 

to us J 

2A. i\u\v it is evident that these stars, as ilicy all 
shine out with such different lights, one star diUcnnL; from 
another star in glory, are either of the same size at very 
different distances, the furthest away being of course the 
faintest ; or are of different sizes at the same distance, the 
biggest shining the brightest ; or are of different sizes at 
different distances. Where the actual distances of the 
stars are known we can be certain ; but from other con- 
siderations it is most probable that the difference in bril- 
liancy is due to difference of distance, and not to size. 

25. Tlie distances of the stars from us are so great 
that it scarcely conveys any impression on the mind to 
state them in miles ; some other method, therefore, must 
be used, and the velocity of \\i;ht affords us a convenient 
one. Light travels at the rate of 1 86,300 miles in a second 
of time — that is to say, between the beats of the pendulum 
of an ordinary clock, light travels a distance equal to eight 
times round the earth. 

aa. In spite, however, of this great remoteness, the 
distances of some of them are known with considerable 
accuracy. Thus, leaving the sun out of the question, we 
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find that the next nearest is situated at a distance which 
light requires four ycnrs and four months to traverse. 

117. From the measurements already made, we may say 
that} on the average, light requires fifteen and a half 
years to reach us from a star of the first magnitude, 
twenty-eight years from a star of the second, forty-three 
years from a star of the third, and so on, until, for stars of 
the I2th magnitude, the time required is 3,500 years. 

88* Winding among the stars, a beautiiful belt of pale 
light spans the sky, and sometimes it is so situated, that 
we sec .that it dix'ides the hea\'enb into two near]}' ccjiuil 
portions. This belt is the Milky Way j and the sinaUest 
telescope shows that it is composed of stars so faint, and 
apparently so near together, that the eye can only per- 
ceive a dim continuous glimmer. 

fl9. We find the largest stars scattered very irregularly, 
but if we look at the smaller ones, we find that they 
gradually increase in numl^er as their position 
approaches the portion of the sky occupied by 
the Milky Way. In fact, of the 20,000,000 stars 
visible, as we have stated, in powerful telescopes, at least 
18,000,000 lie in and near the Milky Way. This fact 
must be well borne in mind. 

30. Adding this fact to wliat has been said about the 
distances of the stars, we can now determine the shape 
of our stellar system. It is clear that it is most extended 
where the faintest stars are visible, and where they appear 
nearest together ; because they appear faint in conse- 
quence of their distance, and because their close packing 
does not arise from their actual nearness to each other, 
but results from their lying in that direction at constantly 
increasing distances. Indeed, the stars which give rise to 
the appearance of the Milky Way, because in that part 
of the heavens they lie behind each other to an almost 
infinite distance, arc probably as far from each other as 
our sun is from the nearest star. 

31. The Milky Way, then, indicates to us, and traces 
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for us, the direction in which the system has 
its largest cl i nu iisions ; the absence of faint stars in 
the parts of the bky furthest from the IVliiky ^Vay shows 
us that the liTiiits of our system in that direction are 
much sooner reached than in the direction of the Milky 
Way itself. We gather, therefore, that its thickness is 
small compared with its length and breadth. This flat 
stratum of stars is split, as we might split a round piece 
of thick cardboard, in those regions where we see the 
Milky Way divided into two branches, and here its 
edge is double. Our sun is situated near the point at 
which the mass of stars begins to divide itself into two 
portions ; and, as there are more stars on the south side 
of the Milky Way Llian there are on the north, we gather 
that our earth occupies a position somewhat to the north 
of the middle of its thickness. 

3a. But although the Milky Way thus enables us to get 
a rough idea of the shape of our system as we might 
get a rough idea of the shape of a wood from some point 
within it by seeing in which direction the trees appeared 
densest and thickest together, and in which direction it 
was most easy to pierce its limits, still what the telescope 
teaches us shows that its boundaries are most probably 
very irregular. 

33. The Ma^eUanic Clouds, called the Nubecula 
Major and Nubecula Minor, visible in the southern 
hemisphere, are two cloudy oval masses of lif^ht, and are 
very like portions of the Milky Way, but they are 
apparently unconnected with its general structure. 

Lesson II. — The ConsteHaUans* Movements af 
the Stars^ Movements of our Sun. 

34, We have in the last lesson considered our star- 
system as a whole ; we have discussed its dimensions, and 
given an idea of its shape. Before we proceed with a 
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detailed examination of the stars of which it is composed, 
it will be convenient to state the groupinj^s into which 
they have been arranged, and the way in which any 
particular star may be referred to. 

35. The stars then, from the remotest antiquity, have 
been distributed into groups called eoiuiMiatloas, each 
constellation being fancifidly named after some object 
which the arrangement of the stars composing it was 
thought to suggest. 

36. The first formal classification is due lo Plulcmy of 
Alexandria, who about the year 150 A.D., arranged the 1,022 
stars observed by Hipparchus, the father of astronomy, at 
Rhodes, about one century before our era. His catalogue 
contains 48 constellations ; two were added by Tycho 
Brahe, and to these 50 (called the ancient) constellations 
have been added, in more modem times, 59, carrying the 
number up to 109. 

37. The names of the ancient constellations and of the 
more important of the modem ones are as follows, begin- 
ning with those through which the sun passes in his annual 
round ; these are called the sodiacal conatellations (very 
carefully to be distinguished, as we shall see hi 11 her on 
(Art. 361), from the signs of the zodiac bearing the same 
names). In English and in rhyme these are as under : 

" The Ram, the Bull, the Heavenly Twins, 
And next the Crab, tlie Lion shines, 

The Virgin and the Scales, 
The Scorpion, Archer, and He-goat, 
The Man that bears the watering-pot, 

And Fish with glittering tails." 

And in Latin they mn thus : 

Aries y Taurus, Gemini, Cancer^ Leo^ Virgo, Libra^ 
Scorpio^ Sagittarius^ Capricornus, Aquarius^ PiscesJ* 

' 38* The constellations visible above the zodiacal con* 
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stcliations^ called the northern conatellatioiis^ are as 

follows : 



Ursa Major ^ 
Ursa Minor, 
Draco. 
Cepheus. 

Bootes, 

Corona Boi ealis. 

Hercules. 

Lyra, 

Cy\:;nu5. 

Cassiopea, 

Perseus. 

A uriga. 

Serpeniarius. 

Serpens. 

Sagiita. > 

Aquila, 

Deiphim/s. 

Equulcus. 

A )idro7nedix. 
Triangulum. 
Camelopardalis, 
Canes Venatici, 
Vuipecula et Anser. 
Cor CaroH. 



The Great Bear (The Plough). 
The Little Bean 
The Dragon. 
Cepheus, 

Bootes. 

The Northern Crown. 
Hercules. 
The Lyre. 
The Swan. 

Cassiopea (The Lady's Chair)* 

Perseus. 

The Waggoner. 

The Serpent Bearer. 

The Serpent. 

The Arrow. 

The Eagle. 

The Dolphin. 

The Little Horse. 

The Winged Horse. 

Andromeda. 

The Triangle. 

The Cameleopard. 

The Hunting Dogs. 

The Fox and the Goose. 

Charles' Heart. 



39. The constellations visible below the zodiacal ones^ 
called the southern coiuiteUatioiui^ are ; 

Cetus. The Whale. 

Orion, Orion, 

Eridanus. The River Eridanus. 

Lepus, The Hare. 

Canis Major. The Great Dog. 

Canis Minor, The Little Dog. 
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Argo Navis. 

Hydra* 

Crater, 

C&rvus, 

Centaurus, 

Lupus. 

Ara, 

Corona Au strati s. 
Pi sets Australis. 
Monoceros. 

Columba Noachu 
Crux A us traits. 



The Ship Ai^o. 
The Snake. 
The Cup. 
The Crow. 

The Centaur, 
The Wolf. 

The Altar. 

Tlic Southern Crown, 
The Southern Fish, 
The Unicom. 
Noah's Dove. 
The Southern Cross. 



40. The whole heavens, then, being portioned out into 
these constellations, the next thing to be done was to in* 
vent some method of referring to each particular star. The 

method iuially adopted and now in use is to arrange all 
the stars in each consLellation in the order of brightness, 
and to attach to them in that order the letters of the 
Greek alphabet, using after the letters ih.c genitive of the 
Latin name of the constellation. Thus Alpha (a) Lyra 
denotes the brightest star in the Lyre ; a Ursa Minoris^ 
the brightest star in the Little Bear. Some of the 
brightest stars are still called by the Arabian or .other 
names they were known by in former times, thus, a Lyrm 
is known also as Vega^ a Bootis as Arcturus, /3 Orients 
as Rigely a Ursce Mimris as Polaris (the Pole star), &c. 

A\. All the constellations, and the positions of the prin- 
cipal stars, have been accurately laid down in Star-Maps 
and on Celestial Globes. With one or other of these the 
reader should at once make himself familiar. In star- 
maps the stars are laid down as we actually see them 
in the heavens, looking at them from the earth ; but in 
globes their positions are reversed, as the earth, on which 
the spectator is placed, is supposed to occupy the centre of 
the globe, while we really look at the globe from the 
outside. Consequently the positions of the stars are 
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reversed. So if we suppose two stars, the brighter one 
of them to the right in the heavens, the brighter one 
will be shown to the right of the other on a star-map, 
but to the left of it on a globe. 

4a. The twenty brightest stars in the heavens^ or first 
magnitude stars, are as follows: they are given in the 
order of brightness and should be found on a map or globe. 



Siriiis» in the ooostellatioii Cuiis Major. 

Canoptis, Argo. 

AIph;i Cc-ntaurit »» Centaur. 

Arciurus, . Bodies. 

Kigel, „ Orion. 

C^pella. ,« Auriga. 

Vega, L>Ta, 

Procyon, Canis Minor. 

BetelgeusCf Orion. 

AcKernar, „ Eridanus. 

Aldebaran, „ Taurus. 

Beta Centauri, „ Centaur* 

Alpha CrucU, Crux. 

Antares, «• Scorpio. 

Atair, Aquila. 

Spka, ,t Virgo. 

Fomatbatit, * „ Piscis Australts. 

Beta Crucis, ,» Crux. 

Pollux, ,» Geminu 

Kegulus, ft Leo. 



A3. Now, althouL;li the stars, and the various constel- 
lations, retain the same relative positions as they did in 
ancient times, all the stars are, nevertheless, in motion ; 
and in some of them nearest to us, this motion, called 
liroptr motion is very apparent, and it has been 
measured. Thus Arcturus is travelling at the rate of 
least fifty-four miles a second, or three times faster 
than our Earth travels round the sun^ which is one 
thousand times faster than an ordinary railway train. 

44^ Nor is our Sun, which be it remembered is a star, 
an exception ; it is approaching the constellation Hercules 
at the i.iLc of four uulcb in a second, carrying its system 
of planets, including our Earth, wuh it. Here, then, we 
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have an additional cause for a gradual change in the 
positions of the stars, for a reason we shall readily under- 
stand, if, when we walk along a gas-lit street, we notice 
the distant lamps. We shall find that the lamps we leave 
behind close up, and those m front of us open out as we 
approach them: in £act, the stats which our system is 
approaching are, generally speaking, slowly opening out, 
while those we are quitting are closing up, as our distance 
from them is increasing. We say generally speaking,'' 
for it is found that the opening out and closing of the 
stars is not near so regular ai that of the gas-lights, 
because all the stars themselves are moving about in 
different directions ; but, by taking a lari^e number of 
stars, their own motions counteract each other, and we 
can tell that we are moving just as well as if we were on 
a ship sailing amongst a number of others in motion in 
different directions. 

The real motions of the stars, — called as we have 
seen, their proper motions^ — and the one we have just 
pointed out, however, are to be gathered only from the 
most careful observation, made with the most accurate in- 
struments. There are apparent motions, which may be 
detected in half an hour by the most careless observer. 

These apparent motions are caused, as we shall 
fully explain by and by (Chap. IV.), by the two real 
motions of the Earth, first round its own axis, and 
secondly round the Sun. 



Lesson \\\,— Double and Multiple Stars, 

Variable Stars, 

A7. A careful examination of the stars with powerful 
telescopes, reveals to us the most startling and beautiful 
appearances. Some stars which appear single to the 
unassisted eye, appear double, triple, or quadruple ; and 
in some instances the number of stars revolving round 

c 
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a centre common to all is even greater. Because our 
Sun is an isolated star, and because the planets are now 
dark bodies, instead of shining, like the Sun, by their own 
light, as they once must have done, it is difficult, at first, 
to realize such phenomena, but they are among the most 
firmly established facts of modem astronomy. A beautiful 
star in the constellation of the Lyre will at once give an idea 
of such a system, and of the use of the telescope in these 
inquiries. The star in question is Epsilon (f) Lyrce, and to 
the naked eye appears as a faint single star. A small 

telescope, or opera-glass even, 
^H^^^^^I^^^H suffices to show it double, and 
I^B^^^HM^H^H a powerful instrument reveals 
H^^^^^^^^HB^I the that each star com- 
^^^^^^^^^^B^l posing this double 
SH^^^^^^^HR^I double ; hence is known 
I^H^^H^BH <'the Double-double.'' Here, 
^H^^^^^^B^^^H then, we have a system of four 
I^IHHHIH^^B suns, each pair, considered by 
Fig. I.— Orbit of a Double Star, itself, revolving round a point 
situated between them ; while the two pairs considered 
as two single stars, perform a much larger journey round 
a point situated between them. (See Fig. 2.) 

It may be stated roundly that the wider pair will com- 
plete a revolution in 2,000 years ; the closer one in half 
that time ; and possibly both double systems may revolve 
round the point lying between them in something less 
than a million of years.^ 

A&. Nearly 12,000 double stars are now known, and 
in about 600 of these orbital motion has been ascertained, 
the motion in some cases being very rapid. In some 
cases the brilliancy of the component stars is nearly equal, 
but in others the light is very unequal. For instance, a 
first magnitude star may have a companion of the four- 
teenth magnitude. Sirius has, at least, one very faint 
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companion. Here is a list of some double stars, showing 
the time in which a complete revolution is effected : 

Years. 

Ze/a (0 Herculis 35 

Eta (rj) Coroner Borcalis 42 

Sirius 49^ 

Zeia (0 Cancri 62 

Alpha (a) Centaur i S8i 

Gauwia (y) Corona: Borcalis 95 

Ome^a (co) I^onis ill 

Delta (b) Cyotii 336 

Gamma (y) Leonis 403 

61 Cygni 783 




A9. Here, then, there can 
be no doubt that the stars are 
connected, and such pairs 
are zzW^^ physical couples^ 
to distinguish them from 
the optical couples^ in 
which the component stars 
are really distant from each 
other, and have no real con- 
nexion ; their apparent near- 
ness to each other being an 
appearance caused by their 

^« c¥^r^\r,\^^ ^ 2- — THc Doublc-doublc Star 

lymg m tiie same straight • . n t a 

o in the constellation Lyra. i. As 

line, as seen from the Earth, seen in an opera-glass. 2. As seen 

60. Where the distance of * s'"^^' telescope 3. As seen 

a physical double star is i« ^ t-l«cope of great power. 

known, we can determine the dimensions of the orbit of 
one star round the other, as we can determine the Earth's 
orbit round the sun. Thus we know that the distance 
between the two stars of 61 Cyi^^ni is 5,658,000,000 miles, 
and yet the two stars seem as one to the naked eye. 

51. The stars are not only of different magnitudes 
(Art. 22), but the brilliancy of some particular stars changes 

c 2 
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from time to liiiie. If the vanauon in the light is, as 
it is generally, slow, re£r"l«'ii*, and within certain limits, 
stars in which this is nuuccd are calk 1 variablo stars, 
or shortly, Tariables. 1 n some cases, however, the i n c rease 
and decrease have been sudden, and in others the limits 
of change have been unknown ; and hence we read of 
new mtmrm, lo*tstani» and temporal^ •tftr», in addition to 
the more regular variables. In some cases of variability 
the effect is produced by increase of light accompanied by 
higher temperature, in others we have only obscuration. 

52. The vaiiation is, of course, measured by the 
different uiagmLudes of the stars at different times, and v 
the amount of variability is measured by the extreme 
magnitudes. T]\q period of the variability is generally 
the time that elapses between two successive greatest 
brightnesses. 

53. We give a table of a few variable stars, in order 
that the foregoing may be clearly understood : 





Change 


of Magnitude 


Period of 




from 


to 


Change 




. . I . 


• « . • 


about 70 years. 


K Cephei . 


. . 5 . 




• • 73 „ 


R CiKsiopea , 


. . 6 . 


( low c: r t han 


1 . 425 days. 


o Ceti . ♦ , 


I or 2 . 


• . lO • - 


• • 333 « 


jS Lyra . . 




. . . 4i • 


. . 13 


S Cancri , . 


. 8 . 


... 12 . 


• • 9i » 


|3 Persei . . 




. • • 4 * 




U Cephei . . 


• 7 . 


. . • 9 . 





54. The fourth star on our list is a very interesting one, 
and a picture of its changes is given in Fig. 3. At its 

period of greatest brightness it sometimes nearly reaches 
the first maj^niitude, sometimes stops at the fifth, while at 
minima it falls below the ninth magnitude. Among the 
acknowledged variables liowever ^ Posci is perhaps the 
most interesting, as its period is so short, and, unhke 
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0 Ceti — (called also Mira^ or the Marvellous)— it is never 
invisible to the naked eye. The star in question shines 
as a star of the second magnitude for two days, thir- 




teen hours and a half, and then suddenly loses its light 
and in three hours and a half falls to the fourth magnitude ; 
its brilliancy then increases again, and in another period 
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of three hours and a half it re-attains its greatest bright- 
ness— all the changes being actumplished in less than 
three days. 

55. Ainong the new, or temporary star?, those ob- 
served in 1572,1^66,1876, and 1885, are the most noticeable. 

■ The first appeared suddenly in the sky and was visible for 
seventeen months ; its light at first was equal to that of 
the planets at their greatest brilliancy ; so bright was it, 
indeed, that it was clearly visible at noonday. It was 
long admitted without inquiry, on the unsupported asser- 
tion of an old writer named Leowitz, that in the years 945 
and 1264 something similar had been observed in the 
same region of the sky (in Cassi'opa'a) in which^ this star 
appeared. But if we explain all these phenomena by the 
presence of a lonf^-period variable star which is very 
bright at its maximum and fades out of view at its mini- 
mum, a reappearance of the star about the year 1880 
might have been expected. Since this did not occur, the 
two earlier outbursts may the more readily be supposed 
apocryphal. 

56. We now come to the new star of 1 866, in the constel* 
Ution of Corona Borealis^ which was observed with much 
minuteness and with powerful methods of research not 

employed before. This star had been recorded some years 
previously as one of thenintli magnitude. On the 12th of 
May, 1866, however, it suddenly flashed up as a star of 
the second magnitude. Cn the 14th it had descended to 
the third magnitude ; the decrease of brightness was 
for some time at the rate of about half a magnitude a day, 
but became less rapid towards the end of May. There is 
every reason to believe that this increased brilliancy was 
due to the sudden collision of one swarm of meteorites 
with another, a very high temperature and evolution of 
hydrogen being produced by the collisions. 

56(<?). A similar apparition took place in the constellation 
Cj^nus on ihc 24th of November, 1S76. In this instance the 
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existence of the star had never been recorded until an 
abrupt accession of light raised it to the third magnitude. 
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It can now be discerned only by the most powerful 
telescopes. Stranger still was the outburst of a new star 
near the very heart of the great nebula in Andromeda. 
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When first perceived, August 17, 1885, it was of ninth 
magnitude, but had brightened to the seventh by August 




30, after which it declined in a few months to apparent 
extinction. A close parallel to this phenomenon was 
found in a brief stellar blaze observed in a nebula in 
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Scorpio (numbered 80 in Messier's Catalogue) on the 
2ist of May, i860. A supposed "new star" seen near 




the star Chi (x) Orionis, December 13, 1885, proves to be 
a variable of the *^ Mira" type, since it reached a second 
maximum after 364 days, December 12, 1886. In neither 
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of these two most recent cases was there the same 
evidence of gaseous incandescence as in the stars of 
1866 and 1876. 

S7« The question of variable stars is one of the most 
Interesting in the whole domain of astronomy. Prof. 
Pickering divides them into five classes, viz. I. Temporary 
stars. 2. Stars markedly variable in long periods, such 
as Mira and Chi (x) ^yg'^'^^- 3- Stars exhibiting slight 
fluctuations according to laws not yet recognised. Alpha 
Orionis and Alpha Cassiopeia^ are among the better 
known examples, but in Dr. Gould's opinion, there are 
few stars which do not partake more or less of this 
character. 4. Stars continuously and regularly variable in 
periods of a few days. A good specimen of this class is 
Beta (fi) Lyras, of which the •* light-curve " is traced in 
I ig. 4. The period of this remarkable star is thirteen 
days, during which it descends to two unequal minima, 
and twice resumes its original brightness of nearly third 
magnitude. 5. Stars discontinuously variable in very 
short periods. That is to say, they shine quite steadily 
except during one regularly recurrent interval of a few 
hours, during which they rapidly lose, and as rapidly 
regain, a large proportion of their light. To this class 
belong eight known stars, of which (0) Persei, or Algol, 
is the most conspicuous. 

58. There are various different causes at work to pro- 
duce these various effects. Such outbursts as those of T 
Corona? and Nova Cygni are occasioned by the vivid 
incandescence not of a sunlike body, since such a body 
would take not a few^ weeks or months, but some millions 
of years to cool down again to its primitive state of 
comparative obscurity, while the extreme rapidity of 
their observed decline will be seen by a glance at Fig. 5. 
Effects of this kind are produced by an encounter be- 
tween two meteor-swarms. 

50. Recent investigations have shown that most of the 
variable stars are uncondensed meteorite-swarms, although 
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the swarms are not so sparse as in nebula:. In the vari- 
ables of regular period the variations arc due to cometic 
swarms of meteorites moving around a central swarm, 



a 



b 




Fig. 7. — Diagrams showing the probable cause of variability in condcnsins 
swarms of meteorites (btars of Group II). <»» Minimum variabil.ty. 

Maximum variability. 

the maximum occurring at periastron ; that is, when the 
revolving swarm is nearest to the centre of the uncondensed 
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mass. In that case, the velocity is greater, and ihe 

collisions more violent, so that there is more light ^i\ cri 
out. 

As regards the Algol class of variables, Prof. Picker- 
ing's investigations demonstrate the hypothesis of partial 
eclipses at each revolution by a large dark satellite. In 
Fig. 6 the changes observed in the light of Algol are 
graphically represented. • In the case of another member 
of the same class, U Cephei (included in our list of 
variables), Pickering has shown that there must be a 
total eclipse by a partially luminous body, whereas the 
companion of Algol is altogether dark. This view is 
borne out by tlie reddening of the light of U Ccphci at 
minima, as if by transmission through the absorbing 
atniosx^here of another sunlikc nmss. 



Lesson IV. — Coloured Stars, Apparent Size. T/ic 
Structure of the Stars. Clusters of Stars. 

60« The stars shine out with variously coloured lights ; 

thus we have scarlet stars, red stars, blue and ^een 
stars, and indeed Stars so diversified in hue that ob- 
servers attempt in vain to define them, so completely 
do they shade into one another. Among large stars, 
Aldebaran, Antares, and Betelgeuse are unmistakably 
tinged with red; Sirius, Vega and Spica are of a bluish 
white ; Arcturus, Capella, Procyon, and Dubhe in the 
Great Bear, show a yellow hue like that of our Sun. 

61. In double and multiple stars^ however, we meet 
with the most striking colours and contrasts; Iota (i) 
Cancri^ and Gamma (y) Andromeda;^ may be instanced. 
In Eta (r)) Cassiapeiag we find a large white star with 
a rich ruddy purple companion. Some stars occur of 
a red colour, almost as deep as that of blood. What 
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wondrous colouring must be met with in the planets lit 
up by these glorious suns, especially m those belonging 
to the compound systems, one stm setting, say in clearest 
green, another rising in purple or yellow or crimson ; at 
times two suns at once mingling their variously coloured 
beams ! A remarkable <^roup in the Southern Cross pro- 
duced on Sir John llerschcl the effect of a superb piece 
of fancy jewellery." It is composed of over 100 stars, 
seven of which only exceed the tenth magnitude ; amon<^ 
these, two are red, two green, three paie green, and one 
greenish blue. 

6Si. The colours of the stars also change. The ancients 
called Sirius a red star, but then the habit was to observe 
it near the horizon. There are some striking differences 
between Sir William Herschel's observations on the 
colours of double stars and those of more recent observers. 

6S. In some variable stars the changes of colours 
observed are very striking. In the new star of 1572, 
Tycho Brahe observed changes from whuc to yellow, and 
then to red ; and we may add that generally when the 
brigliUie--^ decreases the star becomes redder. 

64-. Tiic size or diameter of the stars cannot be deter- 
mined by our most powerful instruments ; but we know 
that, as seen from the Earthy they are, in consequence 
of their distance, mere points of light, so small as to be 
beyond all our most delicate measurements* The Moon, 
which travels very slowly across the sky, sometimes (as we 
shall see by and by) gets before, oreclipsesy or occults^ 
some of them ; but they vanish in a moment — ^which they 
would not do if they were not as small as we have stated. 

65. We will now pass on to what is known of the 
physical constitution of the stars. Recent researches 
have led to the conclusion that stars, and all other self- 
luminous bodies in the universe, consist of swarms of 
meteorites in various stages olf condensation. The 
luminosity is due to the heat produced by collisions. 
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Some of the meteor-swanns are spaisey and consequently 
the number of collisions will be small^ and very little 

light will be given out. As the swarm contracts the 
number of collisions will increase, and more light will 
be given oat. After further contraction, the temperature 
of the swnrm will be so high that the meteorites will 
become a mass of vapour, similar to that composing the 
sun. The highest stage of temperature is represented 
by such stars as Vega (a Lyrae). The subsequent cool- 
ing of such a mass of vapour will produce bodies of a 
different order — instead of meteorites scattered through a 
mass of vapour, there will be a densely gaseous, liquid, 
or solid nucleus, surrounded by an absorbing atmosphere, 
the composition of which will vary with the degree 
of cQolinLj^ There will be a considerable difference be- 
tween an uncondcnscd swarm, and a condensed one at 
an equal mean temperature. The temperature of the 

former will be increasing, whilst that of the latter will be 
decreasing. 

60. The vapours in a swarm will depend upon the 
temperature. Thus^ while magnesium and manganese 
are driven off at the temperature of the Bunsen bumerj 
the iron is only driven off at a very high tempera- 
ture. While ice melts at o^ C, iron only melts at 2000** 
C. : the heat required to produce iron- vapour is not 
known. 

67. The temperitnrcs of the various celestial bodies 
can only be estimated by careful consideration of their 
spectra, and even then, in many cases, we have to be con- 
tent with relative temperatures. While some of them ar^ 
no hotter than a Bunsen burner, others are at tempera- 
tures fax beyond our powers of measurement The various 
orders of celestial bodies have been arranged in groups, 
such that the members of each group are at nearly equal 
temperatures and in similar states of condensation, (bee 
Art. 504^}. 
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ea. The colour of a celesrial body will depend upon 
the state of condensation of the meteor-swarm of which 

it is composed. In the sparse swarms llic colour is 
almost entirely dependent upon raili.it mn. In closer 
swarms, absorption will affect the colour ; light from the 
meteorites will be absorbed by the vapours surroundinj^ 
them. A green glass is green because it absorbs all 
other light but the green ; and so on with glasses, solids^ 
vapours^ or liquids of other colours. Our Sun at setting 
seems sometimes blood-red, in consequence of the ab- 
sorption of our atmosphere; if the absorption were in 
his own atmosphere, he would be blood-red at noon- 
day. The white stars are the hottest^ the yellow ones 
are cooler, and the red ones are not much hotter than 
a Bunscn burner. 

69. The elements already rccoc^niscd in celestial 
bodies are iliose which are known to exist in meteorites. 
Those seen in the roolost l^xxlics are those constituents of 
meteorites which arc volatilised at lowest temperatures. 

70. Having now dealt with the peculiarities of indi- 
vidual starS| — that is to say, their distance, arrangement, 
colour, variability, and structure, — we next come to the 
various assemblages or companies of stars observed in 
various parts of the heavens. 

71. In the double and multiple systems (Art 47) we 
saw the first beginnings of the tendency of the stars to 
group themselves toj^ether. In some parts of our system 
this tendency is exhibited in a very remarkable manner, 
the beautiful group of the Pleiades affording a familiar 
instance. The six or seven stars visible to the naked c\e 
become 60 or 70 when viewed with a telescope of moderate 
power, while no less than 1,421 have recently been photo- 
graphed. The Hyades, in the constellation Taurus, and 
the PTMepe, or Beehive," in Cancer, may also be 
mentioned. In other cases the groups consist of an in- 
numerable number of suns apparently closely packed 
together. That in the constellation Perseus is among the 
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most beautiful objects in the heavens ; but many others, 
scarcely less stupendous^ though much fainter by reason 
of their greater distance^ are revealed by the telescope. 
70. Assemblages of stars are divided Into : — 

f. Irregular cronps^ generally more or less visible 

to the naked eye. 
2. Star-Clusters, invisible to the naked eye, but 

which, in the most powerful 
telescopes, are seen to consist 
of separate stars. These are 
subdivided into ordinary 
clusters and globular 
clusters. 

73. Clusters and nebulae are designated by their num- 
ber in the catalogues which have been made of them by 
different astronomers. The most important of these 
catalogues have been made by Messier, Sir William 

Herschel, and Sir John Herschel. A catalogue published 
by the latter in 1S64 coiiUuns 5,079 objects, and the num- 
ber was brought up to 6,251 by Dr. Dreyer in i^JJ, 

74.. We have already given some examples of star 
groups. The magnificent star-clusters, in the constel- 
lations Hercules, Libra, and Aquarius, may be instanced as 
among those which are best seen in moderate telescopes 
but some of the clusters which He out of our universe, 
and which we must regard as other universes, are at such 
immeasurable distances, and are therefore so faint, that 
in the most powerful telescopes the real shape and boun- 
dary are not seen, and there is a gradual fading away 
at the edge, the last traces of which appear either as a 
luminous mist, or as cloud-like iilaments, which become 
finer till they cease altogether to be seen. The Dumb- 
Bell rlnster, in Vulpecula, and the Crab cluster, in 
Taurus, both of which have been resolved into stars, are 
instances of this. 
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75. In some of these star-clusters the increase of bright- 
ness from the edge to the centre is so rapid lIklI it would 
appear that the stars are actually nearer together at tlie 
centre than they are near the edge of the cluster ; in fact, 
that there is a real condensation toward^) the centre. 



Lesson V.-^Nehulct. Classificatim and 

Description. 

76. We now come to the Neliiaie. " Nebula is a 

Latin word signifying a cloud, and for this reason the 
name has been given to everything which appeared cloud- 
like to the naked eye or in a telescope. The group in 
Pc] seus, for instance, appears like a nebula to the naked 
eye ; in the smallest telescope, however^ it is separated 
into stars. 

77. Every time a telescope larger than any formerly 
used has been made use of^ however, numbers of what 
were till then called nebulae, and about which as nebulae 
nothing was known, have been found to be nothing but 
star-clusters, some of them of very remarkable forms, so 
distant that even in telescopes of great power they could 
not be resolved,— tliaL is to say, could not be separated 
into dibtinct stars. 

78. Now, thi^ is what has happened ever since the dis- 
covery of tele-copes. Hence it was thought by some that 
all the so-called nebulae were, in reahty, nothing but 
distant star-clusters. 

79. One of the most important discoveries of modem 
times, however, has furnished evidence of a fact, — long ago 
conjectured by some astronomers,— namely, that some of 
the nebulae are something different from masses of stars, 
and that the cloud-like appearance is due to something 
else besides their distance and the still comparatively 
small optical means one can at present bring to bear upon 
them. 

D 2 
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80. This discoven% however, has not yet led to nn 
cxliaustive rc-arrangemcnt of nebula^ accordii\£,^ to their 
intrinsic nature. Thus their classification is still based 
upon telescopic appearance, real nebuliie being as yet 
imperfectly sorted out from those which, by reason of 
their great distance, appear like nebulae. 

81. Hy nebulae, then, we understand all objects formerly 
classed as such, which up to this time have not been 
resolved into stars. They may be divided into the 
following classes: — 

1. — Irregular nebvilse. 

fl. — Ring: nebulae and Elliptical nebulee. 

3. — Spiral^ oi' Whirlpool uebulce. 

4. — Planetary nebulae. 

6. — Nebul8B Murroiiadins stars. 

sa. Some of the irregular nebulae— that in the 
constellation Orion, for example— are visible to the naked 
eye on a dark night. 

as. The great nebula of Orion is situated in the part of 

the constellation occupied by the sword-handle and sur- 
rounding the multiple-star Theta iB), The nebulosity near 
the stars is flocculcnt, and of a greenisli white tinge. There 
seems no doubt that the shape of this nebula and the 
position of its brightest portions are changing. One part 
of it appears, in a powerful telescope, startlingly lil<e 
the head of a fish. On this account it has been termed 
the Fish-mouth nebula. 

84. l*\vo Other fine irregular nebulae are visible in 
the Southern hemisphere; one is in the constellation 
Dorado, the other surrounds Eta (17) ArgCis. The latter 
occupies a space equal to about five times the apparent 
area of the Moon. / 

85. We have classed the ring-nebulae and elliptical 
nebulrr together because probably the latter are, in several 
instances^ ring-ncbuhc looked at sideways. The linest 
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ring nebula is the 57th in Messier's Lauiloguc (written 
57 M. for short). It is in the constellation Lyra. The 
finest elliptical nebula is the one in Andromeda to which 
we have belore retcrrcd. This nebula, the 31 st of Messier's 
catalogue (31 M.) when viewed in large instruments, 
shows several curious black streaks running in the direc- 
tion in which the nebula is longest. 

66. The spiral or whirlpool nebulae are repre- 
sented by that in the constellation of Canes Venatici 
(51 M.). In an ordinary telescope this presents the ap* 
pearance of two globular clusters, one of them surrounded 
by a ring at a considerable distance, the ring varying in 
brightness, and being divided into two in a part of itr. 
len^h. But in a larger instrument the appearance is en- 
tirely changed. The ring turns into a spiral coil of nebulous 
matter, and the outlying mass is seen connected with the 
main mass by a curved -band. 33 M. Pisciuni^ and 99 M. 
Virginis, are other examples of this strange phenomenon, 
which indicate to us the action of stupendous forces of a 
kind unknown in our own universe. 

67. The fourth class, or planetary nebula, were 
so named by Sir William Herschel, as they shine with a 
plcinctary and often bluish light, and are circular or 
slightly elliptical in form. 97 M. UrsiC Majoris and 
46 M. Argus may be taken as specimens. 

88. We come lastly to the nebuhe surroundinc^ 
stars, or nebulous stars. The stars thus surrounded 
are apparently like all other stars, save in the fact of the 
presence of the appendage ; nor does the nebulosity give 
any signs of being resolvable with our present telescopes. 
Iota (0 Ononis, Epsilon (c) Ononis, 8 Canum Venati- 
corum, and 79 M. Ursae Majoris, belong to this class. 
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Lesson W. — Ncbulcc (continued). T/ieir Faininess. 
Variable Ned nice. Distribution in Space.- Their 
Structure. Nebular Hypothesis. 

a9. Having stated and described the several classes 
into whicli nebulie may be divided, their general features 
and structure have next to be considered. 

90. Like the stars, they are of different brightnesseS| 
but as yet they have not been divided into magnitudes. 
This, however, has been done in a manner by determining 
vhat is termed the space-penetrating power or 
light-grasping power of the telescope powerful enough 
to render them visible. Thus supposing nebulae to con- 
sist of masses of stars, it has been estimated that Lord 
Rosse's great Reflector, the most powerkil msu ument as 
yet used in such inquiries, penetrates 500 times further 
into space than the naked eye can ; that is, can detect 
a nebula or cluster 500 times further off than a star of the 
sixth magnitude. 

91. Now, if we suppose that a sixth magnitude star is 
12 times further off than a star of the first magnitude — 
and this is within the mark— and that, as we have seen in 
Art. 27, light requires 120 years to reach us from such a 
star, the telescope we have referred to penetrates so pro- 
foundly into space that no star can escape its scnttiny 
"unless Mt a iciiioteness that would occupy light in over 
bpaaning it sixty thousand years." 

92. An idea of the extreme faintness of the more dis- 
tant nebuki: may be gathered from the fact, that the light 
of some of those visible in a moderately-large instrument 
has been estimated to vary from -^^^ to loioo 

light of a single sperm candle consuming 158 grains of 
material per hour, viewed at the distance of a quarter 
of a mile; that is, such a candle a quarter of 
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a mile off is 20^cxx> times more brilliant than 
the nebula ! ^ 

93. The phenomenon of variable^ lost, new, and tempo- 
rary stars has its equivalent in the case of the nebulaCi the 
light of which, it has been lately discovered, is in some 
cases subject to great variations. 

In 1 861 it was found that a small nebula, dis- 
covered In 1852 in Taurus, near a star of the tenth magni- 
tude, had disappeared, the star also becoming dimmer. 
In the next year the nebula increased in brightness again ; 
but was completely invisible 1877 — 1880. There is, be- 
sides, strong evidence of the periodical variability of two 
nebulae — one situated in Cctus, the other in Vir^;^o, 

95. In Art. 30 the marked character of the distribution 
of the stars of our universe, giving rise to the appearance 
of the Milky Way, was pointed out. The distribution of 
the nebulae, however, is very different; in general they 
lie out of the Milky Way, so that they are either less con- 
densed there, or the visible universe (as distinguished 
from our own stellar one) is less extended in that 
direction. They are most numerous in a zone which 
crosses the Milky Way at right angles, the conbtcllation 
Virgo being so rich in them that a portion of it is termed 
the nebulous region of Virgo. In fact, not only is the 
Milky Way the poorest in nebula?, but the parts of the 
heavens furthest away from it are richest. 

The recent application of photography to celestial 
physics has shown that nebulae are far more widely dis- 
tributed than was formerly supposed. Its power of 
int^^ting the successive effects of very feeble lumi* 
nosities is not possessed by the eye, and consequently 
many nebulee which will never be visible to the eye of 
man have been successfully photographed. 

e6. We now come to the question, What is a Nebula ? 

^ Huggins. 
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The answer is— A true nebula consists of a sparse 

swarm of meteorites, the liirniiiosity of which is due to 
the heal produced by coliibions. The interspaces are 
partly filled with liydrogen and magnesium and other 
vapours, which are volatilised out of the meteorites. 
Amongst true nebula , are the great nebula in Orion, that 
surrounding Eta (t)) Aigus; the ring nebula in Lyra, and 
all planetary nebulx. 

97. When, therefore, we see, in what we know to be 
a true nebula, closely associated points of light, we must 
not regard the appearance as an indication of resolvability 
into true stars. These luminous points, in some nebuke 
at least, must be looked upon as probably denser 
aggregations of the meteorites composing the nebulae. 

98. The nebnlar hypothesiB supposed that all the 
countless bodies which are distributed through space once 
existed in the condition of gaseous nK\tter, but recent 
researches have shown that all of them have their origin 
in meteorites. According to this view, a nebula is to be 
regarded as a future star, for, by the gradual contraction 
of the mass which will be produced by gravitation, the 
collisions between the meteorites will become more 
numerous and violent, and the nebula will get hotter and 
brighter, first forming a star of Group II., then of Group 
III., and, if hot enough, of Group IV. During the subse- 
quent cooling, it will become a star of Group V., then of 
Group VI., and finally it will become a cold body like a 
planet. (See Arts. 65 and 504^7.) It may take loni; ^ ears 
to prove, or dis[)rove, this hypothesis ; but the tendency 
of recent observations assuredly is to show its correct- 
ness. 
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THE SUN. 

LessuN VIL- Ih- 7daiivc Ihi'ghtncss^ its Size, 

Distance, and Weight. 

99. We will now consider the star nearest to us— the 
Bun, which dazzles the whole family of planets by its 
brightness^ supports their inhabitants by its heat^ and 
keeps them in bounds by its weight. 

100. The relative brilliancy of the centre of our 
system, compared to that of the stars, is, as we saw in 
Art. 23, so great that it is difficult at iirst to look upon it 
as in any way related to those feeble twinklers. This 
difficulty, however, is soon dispelled when we consider 
how near it is to us. Thus, tn o-ive another instance, 
though we receive 20,000,000,000 times more light from 
the Sun than we do from Alpha (a) LyrtB, that star is 
more than a million times further from us. There is 
reason to believe^ indeed, that our Sun is^ after all, by no 
means a large star compared with others ; for if we assume 
that the light given out by Sirius, for instance, is no more 
brilliant than is our sunshine, that star would be equal in 
bulk U) nearly 600 suns. 

101. Abtronomers now know the distauce of the Sun 
from the Earth. It is about 93,000,000 niiics : and it is 
easy, therefore, as we shall see by and by (Chap. VIII.), to 
determine its size : and here again^ as in the case of the 
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distances of tlie stars, we arrive at figures which con\ ey 
scarcely any ideas to the mind. The distance from one 
side of the Sun to the other, through its centre — or, in 
other words, the diameier of the Sun,— is 867,000 miles. 
Were there a railway round our earth, a train, going at 
the rate of 30 miles an hour, would accomplish the journey 
in a month : a railway journey round the Sun, going at the 
same rate, would require more than ten years. In this 
way we may also obtain the best idea of the Sun's distance 
from us — a distance travelled over by light in eight and a 
tiiiid niiiuUes. A train going at the speed wc have namcd^ 
and starting on the 1st of January, 1887, would not arrive 
at the Sun till past the middle of the year 2,240 ! 

102. Such then are the distance and size of the centre 
of our system. If we represent the Sun by a globe about 
two feet in diameter, a pea at the distance of 215 feet will 
represent the Earth ; and let us add, the nearest fixed star 
would be represented by a similar globe placed at the 
distance of 11,000 miles. 

103. More than 1,300,000 Earths, as commonly stated, 
would be required to make one Sun. This is expressed 
by saying that the TOlitmo of the Sun is 1,300,000 times 
greater than that of the Earth : bnt the statement takes 
into account only the globe boinuled by the photosphere. 
The atmosphere of the Sun, however, extends to fully 
half a million of miles from its surface ; and this space 
may well be included in our estimate of its volume. Wc 
find then on this view, that the Sun is more than thirteen 
million times as large as the Earth, while it only weighs 
330,000 times as much. That is, bulk for bulk, thirteen 
million, but by mass or weight 330,000 Earths would go to 
make up the Sun. The matter composing the Sun and its 
immediate appendages is then, on the average ^ only ^ as 
dense as the matter composing the Earth, or less than one 
seventh as dense as water. So that we are fully justified 
in assertin<( the Sun to be a mainly gaseous body ; though 
the enormous eompxession must produce, below the photo- 
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sphere, a consistence very different from what we ordinarily 
associate with a gas. 

104. The Sun, like the Earth or a top when spinninj^, 
turns round, or rotates, on an axis ; this rotation was 
discovered by observing the spots on its surface, about 
which we shall have much to say in the next Lesson. It 
is found that the spots always make their first appearance 
on the same side of the Sun ; that they travel across it 
in about fourteen days ; and that they then disappear 
on the other side. This is not all ; if ihcy be observed 

September. December. Marcb. 




Fig. 8. — Position of the Sun's axis, and apparent paths of the spots across 
the disc, as seen from the Earth at different times of the year, i he arrows 
show the direction in v/liich the Sun turns round. The inclination of ihi 
Sun's axis is exaggerated, so that the effect it produces may be more clearly 
seen. 

in June, they go straight across the sun^s face or disc 
with a dip downwards ; if in September, they then cross 
in a curve ; while in December they go straight across 
again, with a dip upwards ; and in March their paths are 
again curved, this time with the curve in the opposite 
direction. 

105. Now it is important that we make this perfectly 
clear. We know that the Earth goes round the Sun once 
a year. It has been found also that its path is so level 
— that is to say, the Earth in its journey docs not go up 
or down, but always straight on — that we might almost 
imagine the earth floating round the Sun on a boundless 
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ocean, both Sun and Earth being half immersed in it. We 
shall see further on that this level — this plane — called the 




Fig. 9. — Curve showing the period of rotation of the photosphere in different 
latitudes north and south from Carrington's observations ; 851' of solar 
longitude per diem = rate of rotation in lat. 15° N. The vertical lines 
represent differences of 10' of longitude -f to the right, - to the left, of 
the line cutting ihc curx'e in lat. 15' N. 



plane of the Ecliptic— is used by Astronomers in precisely 
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the same way as we commonly use the sea level. We 
say, for instance, that such a mountain is so high above 
the level of the sea. Astronomers say that such a star 
is so high above the plane of the ecliptic. 

106. Well then, we have imagined the Earth and Sun 
to be floating in an ocean up to the middle — which is the 




FiG.io. — Copy of part of a photograph taken at Dehra Dun in 18^54, showing 
a sun-spot passing over the Si n's edge. 

meaning of half immersed. Now, if the Sun were quite 
upright, the spots would always seem at the same distance 
above the level of our ocean. But this we have not found 
to be the case. From two opposite points of the Earth's 
path (the points it occupies in June and December) the spots 
are seen to describe straight lines across the disc, while 
midway between these points (September and March) 
their paths aHe observed to be sharply curved, in one case 
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with the convex side downwards, in the other with the 
convex side upwards. A moment's thought will show that 
these appearances can only arise from a dipping down of 
the Sun's axis of rotation. Now this we find to be the 
case. The Sun's axis inclines towards the point occupied 
by the Earth in September. When we come to deal with 
the Earth and the other planets, we shall find that their 
axes also incline in different directions. 

107. It has been found that the spots, besides having 
an apparent motion, caused b^ their being carried round 
by the Sun in its rotation, have a motion of their own. 
This proper motion, as distingfuished from their apparent 
motion, has recently been investigated in the most com- 
plete manner by Mr. Carrington. What he has dis- 

' covered sliows that there need be no wonder that different 
observers have varied so greatly in the time they have 
assigned to the Sun's rotation. As we have already shown 
(Art. 104), this rotation has been deduced from the time 
taken by the spots to cross the disc ; but it now seems that 
all sun-spots have a movement of their own, and that the 
rapidity of this movement varies regularly with 
their distance from the solar equator,— that is, 
the region half-way between the two poles of rotation. In 
fact, the spots near the equator travel faster 
than those away from it i^I ig. 9), so that if we take an 
equatorial spot we shall say that tlie Sun rotates in about 
twenty-five days ; and if we take one sitnntod half-way 
between the ccjuator and the poles, in ciiher hemisphere, 
we sl^nll say that it rotates in twenty-seven and a half days. 

108. We have now considered the distance and size of 
the Sun ; we have found that it, like our Earth, rotates 
on its axis, and we have determined the direction in which 
the axis points. We must next try to learn something of 
its appearance and of its nature, or, as it is called, its 
physical constitution. Here we confess at once that 
our knowledge on this subject is not yet complete. This, 
liowever, is little to be wondered at. We have done so 
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much, and gleaned so many facts, at distances the very 
statement of which is ahnost meaningless to us, so stupen- 
dous are they, that we for^^et that our mighty Sun, in spite 
of its brilliant shining and fostering heat, is still some 
93,000,000 miles removed ; — that its diameter is 100 times 
that of oiir Earth ; and that the chasm we call a sun-spot 
is yet large enough to swallow us up, and half a dozen of 
our sister planets besides ; while, if we employ the finest 
telescope, we can only observe the various phenomena 
as we should do with the naked eye at a distance of 
180,000 miles. 

To look at the Sun through a telescope, without proper 
appliances, is a very dangerous affair. Several astro- 
nomers have lost their eyesight by so doing, and our 
readers should not use even the smallest telescope without 
proper guidance. 

Lesson VIII, — Telescopic Appearance of the Sun^sfiots. 
Penumhray Umbra^ Nucleus^ Facul^^ Granules. 

Red Flames, 

109. We have already said that the first things which 
strike us on the Sun's snrfjice, when we look at it with a 
powerful telescope, are the spots. In Plate IV. we give 
drawings of a very fine one, visible on the Sun in 1865. We 
shall often refer to them in the following description. The 
spots are not scattered all over the Sun's disc, but are 
generally limited to those parts of it a little above and 
below the Sun's equator, which is represented by the 
middle lines in Fig. 8. The arrows show the direction in 
which the spots, carried round by the Sun's rotation, appear 
to travel across the disc. 

110. The spots float, as it were, in what, as we have 
already seen in the case of the stars, is called the photo- 
sphere J the half-shade shown in the spot is called the 
penumbra (that is, half shade) ; inside the penumbra is 
a still darker shade, called the mabrft, and inside this 

% 
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again is the nucleiui. Diagrams 3 and 4 of Plate IV« 
will render this perfectly clear. The white surface repre- 
sents the photosphere ; the half tones the penumbra ; 
the darky inregular central portions the umbra ; and the 
blackest parts in the centre of these dark portionsi the 
nucleus. 

111. Sun-spots are cavities, or hollows, eaten 
into the photosphere, and these dilferent shades 
represent different depths. Their occasional appear- 
ance as notches on the Sun's limb, or edge (as shown in 
Fig. 4), renders this absokitely certain. 

lia* Diligent observation of the umbra and penumbra, 
with powerful instruments^ reveals to us the fact that 
change is going on incessantly in the region of the spots. 
Sometimes changes are noticed, after the lapse of an hour 
even: here a portion of the penumbra is seen setting 
sail across the umbra ; here a portion of the umbra is 
melting from sight ; here, again, an evident change of 
position and direction in mabses which retain their form. 
The enomious changes, extendini^ ever tens of thousands 
of square miles of the Sun's surface, which took place in 
the great sun-spot of 1865, are shown in Plate IV. 

113. Near the edge of the solar disc, and especially 
about spots approaching the edge^ it is quite easy, even 
with a small telescope, to discern certain very bright 
streaks of diversified form, quite distinct in outlinoi and 
either entirely separate or uniting in various ways into 
ridges and network. These appearances, which have been 
termed fiuiiUei are the most brilliant parts of the Sun. 
Where, near the edge, the spots become invisible, undu- 
lated shining ridges still indicate their place — being more 
remarkable thereabout than elsewhere, though everywhere 
traceable in good observing weather. Faculacj may be 
of all magnitudes, from hardly visible, softly-gleaming, 
narrow tracts 1,000 miles long, to continuous compli- 
cated and heapy ridges 40^000 miles and niore in length, 
and 1,000 to 4|Ooo miles broad. Ridges of this kind 
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SuN-SFOTS (the great Sun-spot of 1865). 

I. The spot entering the Sun's disk Oct. 7th (foreshortened view). 2. Oct. 
loth. 3. Oct. 14th ; central view, showing th-; formation cf a bridge, .ind 
the nucleus. 4. Oct. i6th. 

£ 2 



Digitized by Google 



Digitized by Google 



CHAP. II.] 



53 



often surround a spot, and hence appear the more con- 
spicuous ; such a ridge is shown in Fig. i, Plate IV. ; 
but sometimes there appears a very broad white platform 
round the spot, and from this the white crumpled ridges 
pass in various directions. 

114. So much for the more salient phenomena of the 
Sun's surface, which we can study with our telescopes. 
There is much more, however, to be inquired into ; and here 
we may remark that the Sun himself has bestowed a great 
boon upon observational Astronomy ; and, whether brightly 
shining or hid in dim eclipse, now tells his own story, and 
prints his image in all parts of the world on a retina which 
never forgets, and is withal so sensitive as to receive, in a 
small fraction of a second, impressions of more exact 
detail than could be made out by hours of scrutiny with a 
powerful telescope. 

115. Wem^ begin by saying, that the whole surface of 
the Sun, except those portions occupied by the spots, is 
more or less finely mottled ; as, indeed, may be seen with 
no very large amount of 
optical power. The general 
arrangement of this mot- 
tling comes out very plainly 
in some photographs of the 
Sun lately taken by Dr. 
Janssen at the Meudon Ob- 
servatory near Paris. They 
show blurred patches cir- 
cumscribed by what seem 
like currents of fine, distinct 
granulation. This curious appearance is known as the 
" photospheric network." The luminous masses between 
the dusky marblings present an irregularly rounded form : 
they have been variously called "nodule s,'' " fl o c c u I e s," 
"rice grains," "granules or granulations," and 
so on. 

116. The word "willow-leaf" very well paints the 
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Fig. it. — Part of a Sun-spot. 
"Willow-leaves" dctachinp them- 
selves from the penumbra. Avery 
faint one at F. 
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appearance of the minute details sameHnus observed in 
the penumbrse of spots, which occasionally are made up 

apparently of 'elongated masses of unequal brightness, so 
arranc^ed that for the most part they point like so many 
arrows to the centre of the nucleus, giving to the penumbra 
a radiated appearance. At other times and occasionally 
in the same spot, the jagged edge of the penumbra pro- 
jecting over the nucleus has caused the interior edge of 
the penumbra to be likened to coarse thatching with 
straw. 

117. There are darker or shaded portions between the 
granules, often pretty thickly covered with dark dots, 
like stippling with a soft lead-pencil; these are what 

were called " pores," or " incipient openings,*' by Sir 
William Herschel. They are sometimes almost black, and 
are like excessively small spots. 

lis. When the Sun is totally eclipsed, — that is, as 
will be explained by and by, when the Moon comes exactly 
between the Earth and the Sun,— other appearances are 
unfolded to us, which the extreme brightness of the Sun 
prevents our observing under ordinary circumstances: 
the Sun's atmosphere is seen to contain red masses of fan- 
tastic shapes, some of them quite disconnected from the 
Sun ; to these the names of ''redpflunes^' and '^vrona- 
nences '* have been g^ven. TTiese are the higher waves 
of the more vivid portions of a solar envelope, from 5,000 
to 10,000 miles in height, called the Chromosphere, 
which overlies the photosphere, and is composed chiefly 
of hydrogen, and an unknown gas named "helium." 
Outside the chromosphere lies the coronal atmosphere of 
the Sun, extending to an undetermined| and perhaps 
variable distance. On these appearances we shall say 
a word or two further on when we come to deal with 
Eclipses. 
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Lesson IX; — Explanation of the Appearances on 

the Sufis Surface. The Sun^s Light and Heat, 
Sun-force. The Past and Future of the Sun, 

119. We are now familiar with the appearances presented 
to us on the Sun's surface in a powerful telescope. Let us 

see if we can account for thein. As the spots break out 
and close up with great rapidity, as changes both on a 
large and small scale are always going on on the surface, 
we can only infer that the photosphere of the Sun, and 
therefore of the stars, is of a cloudy nature ; but while 
our clouds are made up of particles of water, the clouds 
• on the Sun must he composed of particles of various metals 
and other suhstances in a state of intense heat— how hot 
we shall see hy and hy. The photosphere is surrounded 
by an atmosphere composed of the vapours of the bodies 
which are incandescent in the photosphere. It seems 
also, that not only is the visible -snrface of the Sun en- 
tirely of a cloudy nature, but that the atmosphere is a 
highly absorptive one. Moreover its absorption chiefly 
affects the blue, or more refrangible end of the spectrum, 
so that, if it were removed, sunlight would be very much 
bluer than it actually is. 

119 a. Faculs reach high up into this atmosphere, and 
consequently escape some of its absorption. This ac- 
counts for their brilliancy, and' also for their increased 
conspicuousness (as shown in Plate IV.) near the edge of 
the Sun, where they are thrown into relief by a greater 
depth of atmosphere. Facula} really consist of the bright 
granules, or " domes of the Sun's mottled surface, heaped 
up together, or arranged in certain directions. ThoiTgh by 
no means confined to the vicinity of spots, they are closely 
associated with them. Their development, however, is 
always subsequent to that of spots, and they appear pre- 
dominantly on their left-hand borders. They exist on a 
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vast scale. It is quite common to see reaches of them 
tens of thousands of miles long, lasting for days or even 
weeks. The more minute features of the solar surface — the 
granules — are most probably the dome-like tops of the 
smaller masses of the clouds, bright for the same reason 
that the faculae are bright, but to a less degree ; and the 




Fig. 12. — Sun-spot showing details of the penumbra. The dark portion in the 
centre is the umbra, the surrounding half-tone is the penumbra, a, a bridge, 
or tongue or facula beinij carried over the umbra ; h, clouds forming at 
the end ; C, part of the penumbra being driven over the spot (the domes 
are drawn out); d, domes on photosphere ; f, *' thatch " on penumbra. 

fact that these granules lengthen out as they approach a spot 
and descend the slope of the penumbra, may possibly be 
accounted for by supposing them to be elongated by the 
current which causes their downrush into a spot, as the 



' Google 



CHAP. II.] 



THE SUN 



57 



clouds In our own sky aie lengthened out when they are 

drawn into a cuirent 

lao. Some spots cover millions of scjuare imlcs, and 
last for months; others are only visil)le in powerful 
instruments, and arc of very short duration. There is a 
great duierence in the luimbcr of spots visible from time to 
time; indeed^ there is a minimum period, when none 
are seen for weeks together, and a maximum period, 
when more are seen than at any other time. The interval 
between two maximum periods, or two minimum periods, 
is about eleven year& 

ittl. Now, as the Sun is more energetic when he is 
covered with spots than when there are none, we may 
look upon him as a Tariable star, with a period of 
eleven ) ears. Tiiis period most piokibiy depends upon 
changes in the circulation of the Sun's atmosphere, and 
Mr. Balfour Stewart has suggested that it may be in some 
way modified by the action of the planets. It is also 
known that the magnetic needle has a period of the same 
length, its greatest oscillations occurring when there are 
most sun-spots. Aurorae, and the currents of electricity 
which traverse the Earth's surface, are affected by a 
similar period 

laa. The detailed spectroscopic examination of the 
Sun's surface and of his spots has afforded evidence of 
their being due to the absorption of the Sun's IigliL by 
atmospheric layers of greater pressures than are at work 
in the other regions. A spot, we know, is a saucer-like 
depression in the photosphci e. It is dark, because the de- 
pression is filled with coniparati vely cool, dense vapours 
which powerfully absorb light. These vapours have fallen 
from the upper regions of the Sun's atmosphere, so that 
each spot is the seat of a downrush, the answering uprush 
to which we see in faculae and a certain kind of flames or 
prominences. Each ''pore," too, is the visible eflect of 
a descending current on a smaller scale. 

laa. We have before seen (Art. 67) what substances 
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exist in a state of incandescence in some of the stars. In 
the case of the Sun we are acquainted with a greater 
number. Here are tables based on the researches of 

Kirchhofif, Angstrom, Thal^n, and Lockyer, of the different 
substances, which, so far, have been traced in the Sun's 
atmosphere by means of their spectral lines. 

• 

Table A. — Elements present in the Sun according to 
Kirchhoff^ Angstrom^ and Tkalhi, 

« 

KirchhofT. Angstrom and ThiU^ 

Sodium Sodium 
Iron Iron 
Calcium Oilcium 
Magnesium Magnesium 

Nickel Nickel 

Barimn — 

Copper — 

Zinc — 

Chromium 

Cobalt 

Hydrogen 

Manganese 

Titanium 

Table B gives the substances which were added to the 
preceding list by taking a special consideration into 
account. Some time after the first work on the chemical 
composition of the solar atmosphere was accomplished^ a 
method was introduced by which it was easy to determine 
the existence of a small quantity of any particular vapour 
in a mixture of vapours, so that the substances indicated 
in the second table are those substances which possibly 
exist in the sun's atmosphere in a small quantity only. 
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Table B, — Elements the Longest Lines of which coincide 

with Fraunho/er Lines, 



It is, however, by no means certain that these vapours 
exist in the Sun just as we know them in the Inboratoi y. 
There is, on the contrary, very strong evidence that, at the 
level of the photosphere, the heat is so tremendous as to 
drive them asunder into finer constituent particles than we 
have any terrestrial experience of. In this fact of '^dis- 
sociation ^ is not unlikely to be found the key to many of 
the riddles of the solar constitution. 

ia4>. Now let us inquire into some of the benign in- 
fluences spread broadcast by the Sun. We all know that 
our Earth is lit up by its beams, and that we are warmed 
by its heat ; but this by no means exhausts its benefits, 
which we share in common with the other planets which 
gather round its hearth. 

las. And first, as to its lisht. We have already com- 
pared its light with that which we receive from the stars, 
but that is merely its relative brightness; we want 
now to know its actual, or, as it is otherwise called, its 
intrinsic brightness. Now it is clear, at once, that 
no number of candles can rival this brightness ; let us 
therefore compare it with one of the brightest lights that 





Aluminium 

Strontium 

Lead 



Indium 

Lithium 

Rubidium 

Caesium 

Bismuth 

Tin 

Silver 

Glucinum 

LaiUhaiium 

Yttrium or Erbium 



Cadmium 
Cerium 



Uranium 

Potassium 

Vanadium 
Palladium 



Molybdenum 
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we know of— the lime-light The lime-light proceeds from 
a ball of lime made intensely hot by a flame composed 

of a mixture of hydrogen and oxygen playing on it. It 
is so bright that we cannot look on it any more than we 
can look on the Sun ; but if we place it in front of the 
Sun, and look at both through a dark glass, the lime-light, 
though so intensely bright, looks like a black spot. In 
fact, Sir John Herschel has found that the Sun gives 
out as much light as 146 lime-lights would do if 
each ball of lime were as large as the Sun and 
gave out light from all parts of its surface. 

lae. Then, as to the Sun's beat. The heat thrown 
out from every square yard of the Sun's surface 
is as great as that which would be produced by 
burning six tons of coal on it each hour. Isow, 
we may take the surface of the Sun roughly at 
2,284,000,000,000 square miles, and there are 3,097,600 
square yards in each square mile, flow many tons of 
coal must be burnt, therefore, in an hour, to represent 
the Sun's heat ? y 4^ v y J^. (>V ^> V (1^^ cnVj H ^ 

But the Sun sends out, or radiates^ its light and 
heat In all directions ; it is dear, therefore, that as our 
Earth is so small compared with the Sun, and is so far 
away from it, the light and heat the Earth can intercept 
IS but a very small portion of the whole amount; in 
fact, we only grasp the ^7000010^^ P^i^t of it. That 
is to say, if we suppose the Sun's light and heat 
to be divided into two liuiidred and twenty- 
seven million parts, we only receive one of 
them. 

128. But this is not all. There is something else be- 
sides light and heat in the Sun's rays, and to this some- 
thing we owe the &ct that the Earth is clad with verdure ; 
that in the tropics, where the Sun shines always in its 
might, vegetable life is most luxuriant, and that with us the 
spring time, when the Sun regains its power, is marked by 
a new birth of flowers. There comes from the Sun, besides 
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its light and heat, another force, chemleal foree, which 

separates carbon from oxygen, and turns the gas which, 
were It to accumulate, would kill all men and animals, 
into the life of plants. Thus, then, does the Sun 
build up the vegetable world. 

129. Now, let us think a littk. The enormous engines 
which do the heavy work of the world ; the locomotives 
which take us so smoothly and rapidly across a whole 
continent ; the mail-packets which take us so safely across 
the broad ocean ; owe all their power to steam, and steam 
is produced by heating water by coal. We all know that 
coal is the remains of an ancient vegetation ; we have just 
seen that vegetation is the direct effect of the Sun's action. 
Hence, v. ithoiit the Sun'^ action in former times we should 
have had no coal. The heavy work of the world, 
therefore, is indirectly done by the Sun. 

130. Now for the light work. Let us take man. To 
work a man must eat. Does he eat beef.** On what was 
the animal which supplied the beef fed? On grass. Does 
he eat bread? What is bread? Com. In both these, 
and in all cases, we come back to vegetation, which is, as 
we have already seen, the direct effect of the Sun's action. 
Here again, then, we must confess that to the Sun is due 
man's power of work. All the world's work, therefore, 
with one trifling exception (tide-work, of which more 
presently,) is done by the Sun, and man himself, prince 
or peasant, is but a little engine, which directs merely 
the energy supplied by the Sun. 

131. Will the Sim, then, keep up for ever a supply of 
this force ? It cannot, if it be not replenished, any more 
than a fire can be kept in unless we put on fuel ; any more 
than a man can wot k without food. At present, philoso- 
phers are ignorant of any means by which it is replenished. 
As, probably, there was a time when the Sun existed 
as matter diffused through infinite space, the coming 
together of which matter has stored up its heat, so, 
probably, there will come a time when the Sun, with all 
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its planets welded into its mass, will roll, a cold| black 
ball, through infiiiite space.* 

laa. Such, then, is our Sun — ^the nearest star. 
Although some of the stars appear not to contain those 
elements which on the earth are most abundant, still 
we see that, on the whole, the stars differ from each other, 
and fiom our Sun, only by the lower order of differences 
of special modification, and not by the more important 
differences of distinct plans of i>tructure. There is, there- 
fore, a probability that they fulfil an analogous purpose ; 
and are, like our Sun, surrounded with planets, which by 
their attraction they uphold, and by their radiation illu- 
minate and eneigise. As has been previously pointed 
out, the elements most widely diffused through the host 
of stars are some of those most closely connected with 
the constitution of the living organisms of our globe, 
including hydrogen, sodium, magnesium, and iron. 

The probable past and future of the Sun are, therefore, 
the probable past and future of every 3tar in the firmament 
of heaven. 

♦ Sir W. Thonuoii. 
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CHAPTER III. 

vTHE SOLAR SYSTEM. 

Lesson X. — GenenU DiscripHon* Distances the 
Planets from the Sun. Sizes of the Planets. The 
Satellites, Volume^ Mass^ a$$d Density of the Planets* 

133. From the Sun we now pass to the system of bodies 
which revolve round it : and here, as elsewhere in the 
heaveoSi we come upon the greatest variety. We find 
planets — of which the Earth is one — differing greatly in 
size) and situated at various distances from the Sun. We 
find again a ring of little |danets clustering in one part of 
the system ; these are called MtefoUto, or minor piaaeto. 
We next come to systems of bodies like the eemets, and 
meteors, or sbootins-stars, or bolides, which a recent 
discovery has established to be connected plicnomciia. 
These bodies travel round the sun in orbits of all degrees 
of eccentricity. The systems of meteors are met by the 
Earth inker annual round, while some of the comets break 
in from all parts of space ; and then, passing round our 
Sun, rush back again. Besides these there is, according 
to some, akhough the point is a doubtfiil one, another 
ring which is rendered visible to us by the appearance 
called the SBodlaeel Ugbt, others holding that this light 
is locatc^d in the Earth^s atmosphere. 
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134. The Solar System, then, consists of \^ follow- 



ing:— ( ^ ^ 

mgkkt larce vimota, as follow, in the order of distaii6e 

from the Sun :♦— 



1. Mercury. 

2. Venus. 

3. Earth. 

4. Mars. 



5. Jupiter. 

6. Saturn. 

7. Uranus. 

8. Neptune. 



Twobandred and seventy-two small Planets revolving 
round the Sun between the orbits of Mars and Jupiter. 
Their names are given in the Appendix. 

Comets and Meteoric bodies, which at times approach 
near the Earth's orbit, the latter occasionally reaching the 
. Earth's surface. 

The Sodlaeal Ught. A ring of apparently nebu- 
lous matter, the exact nature and position of 
which in the system are not yet determined. 

135. Lcl us begin by getting some general notions of 
this system. In the first place, all the planets travel 
round the Sun in the same direction, and that 
direction, looking down upon the system from the northern 
side of It, is in the opposite direction to that in which 
the hands of a clock or a watch move. Secondly, the 
forms of the paths of all the planets and of 
many of the comets are elliptical, but some are 
very much more elliptical than oUiers. 

186. Next let the reader turn back to Article 105, in 
which we have attempted to give an idea of the plane 
of the Ecliptic, Now, the larger planets keep very 
nearly to this level, which is represented in the following 
figure. 



^ A ninth planet, named Vulcan, has been suspected to revolve Mriduii the 
orbit of Mercury, but proof of its eadstence U still wanting.' 
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Fig. 13. — Section, or side view, of the plane of the Ecliptic, showing that the 
orbits of the large planets are nearly in the plane ; that the orbit of Pallas 
has the greatest dip or inclination to it ; and that the orbits of the comets 
are inclined to it in all directions. 



The straight line we suppose to represent the Earth's orbit 
looked at edgeways, as we can look at a hoop edgeways. 
The others represent the orbits of some of the planets 
and of some of the comets seen edgeways in the same 
manner. The orbits of Mars, Jupiter, Saturn, Uranus, and 
Neptune lie so nearly in the plane of the ecliptic, that 
in our figure, the scale of which is very small, they 
may be supposed- to lie in that plane. With some of 
the smaller planets and comets we see the case is very 
different. The latter especially plunge as it were down 
into the surface of our ideal sea, or plane of the 
ecliptic^ in all directions, instead of floating on, or 
revolving in it. 

137. Again, as we thus find planfets travelling round 
the Sun, so also do we find other bodies travelling round 
some of the planets. These bodies are called Moons, 
or Satellites. The Earth, we know, has one Moon ; Mars 
has two ; Jupiter four, Saturn eight, Uranus four, and 
Neptune, according to our present knowledge, one. 

138. As we have before stated, all the planets revolve 
round the Sun in one direction, i.e. from west to east. 
They rotate, or turn on their axes and their satel- 
lites revolve irt the same direction, with two exceptions, 

F 
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occurrini^ at the outskirts of the system. The satellites 
both of Uranus and Neptune move from east to west, and 
in planes widely different from that of the ecliptic* 

139. Let us next inquire into the various distance* 
of the planets from the Sun, bearing in mind^ that as the 
orbits are elliptical, the planets are sometimes nearer 
to the Sun thciu at other times. I his will be explained 
by and by ; in the meantime we may say, that the average 
or mean distances are as follow; the times of revo- 
lution are also given : — 

Period of revolution round 

Distance in Miles. 

Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 

' lAO, Let us next see what are the sisss of the different 
planets. Their diameters are as follow : — 



Distance in Miles. 


the 


Sun, 






D. 


H. 


M. 




. 87 


23 


15 


67,245,000 . , 


224 


16 


48 


, 92,965,000 . . 




6 


9 


. 141,650,000 . . 
. 483,678/)oo . . 


. 686 


23 


31 


• 4332 


H 


2 


. 886,779,000 . . 


. 10759 


S 


16 




. 30688 


7 


12 


2,794iOoo,ooo . . 


. 60180 


20 


38 . 



Diameter in Miles. 

/ Mercury 2,992 

J Venus 7,660 

y Earth 7,916 

Mars- 4,211 

Jupiter ^ 86,000 

Saturn . 70,500 



7 
i 



) 



^ Uranus 31,700 

^ Neptune 34>5oo 

lAl. We have before attempted to give an idea of tlie 
comparative sizes of the Earth and Sun,. and of the dis- 
tance between them ; let us now complete the picture. Still 
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taking a globe about two feet in diameter to represent 
the Siin, Mercury will be reprcsciUcd by a grain of 
mustard-seed, revolving in a circle 164 feet in diameter 
for its orbit ; Venus, a pea, on a circle of 284 feet in 
diameter; the Earth, also a pea, on a circle of 430 feet; 
Mars, a rather large pin's head, on a circle of 654 feet ; 
the asteriods, grains of sand, in orbits of from 1,000 
to 1,200 feet ; Jupiter, a moderate-sized orange, on a 
circle nearly half a mile across ; Saturn, a small orange, 
on a circle of four-fifths of a mile ; Uranus, a full-sized 
cherry, or small plum, upon the circumference of a circle 
more than a mile and a half; and Nepume, a good- 
sized plum, on a circle^about two miles and a half in 
diameter.*' 

As the planets re\ olve round the Sun at vastly 
different distances, so do the satellites revolve round their 
primaries. Our solitary Moon courses round the Earth at 
a distance of 238,000 miles, and its journey is performed 
in a month. "The liist satellite of the planet Saturn is at 
only just half this distance, and its journey is 
performed in less than a day. The first satellite of 
Uranus is about equally near, and requires about two days 
and a half. The first satellite of Jupiter is about the 
same distance from that planet as our Moon is from us, 
and its revolution is accomplished in one and three- 
quarters of our days. The only satellite which takes a 
longer time to revolve round its primary than our Moon, 
is Japetus, the eighth satellite of Saturn. On the other 
hand, the inner satellite of Mars finishes its circuit in seven 
hours and thirty-nine minutes, revolving at a distance less 
than one-fortieth that of our Moon. We have seen above 
(Art 140), that the diameter of the smallest planet- 
leaving the asteroids out of the question^is 2,992 miles. 
We find that among the satellites we have three bodies — 
the third and fourth satellites of Jupiter, and the sixth 
moon of Saturn — of greater dimensions than one of the 

* Sir John Herschel. 

F 2 
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large planets. Mercury, and nearly as large as another, 
Mars. 

It is not necessary in this place to give more details 
concerning the distances and sizes of the planets and 
satellites. A complete statement of them will be found in 
Tables II. and III. of the Appendix. 

14d* The relative distances of the planets from 
the Sun were known long before their absolute dis- 
tances—in the same way as we might know that one 
place was twice or three times as far away as another 
without knowing the exact distance of either. When once 
the distance of the Earth from the Sun was known, astro- 
nomers could easily find the distance of all the rest from 
the Sun, and therefore from the Earth. Their sizes were 
next determined, for we need only to know the distance 
of a body and its apparent st::e, or the angle under which 
we see it, to determine its real dimensions. 

144. In the case of a planet accompanied by satellites 
we can at once determine its weight, or mas*, for a 
reason we shall state by and by (Chap. IX.) ; and when we 
have got its weight, having already obtained its size or 
Tolun&e, we can compare the denaltr of the materials of 
which the planet is composed with those we are familiar 
with here ; having first also obtained experimentally the 
density of our own Ihu th. 

14.5. Let us see what this word density means. To 
do this, let us compare platinum, the heaviest metal, with 
hydrogen, the lightest f^as. The gas is, to speak rnng-hly, 
a quarter of a million times lighter than the metal ; tlie 
gas is therefore the same number of times less dense : 
and if we had two planets of exactly the same size, one 
composed of platinum and the other of hydrogen, the 
latter would be a quarter of a million times less dense 
than the former. Now, if it seems absurd to talk of a 
hydrogen planet, we must remember that if the materials 
of which our system, including the Sun, is composed, 
once existed as a great nebulous mass extending far be- 
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yond the orbit of Neptune, as there is reason to believe, 
the mass must have been more than 2oo,ooo/xx> times 
less dense than hydrogen/ 

146. Philosophers have found that the mean density 
of the Earth is a little more than five and a half times 
that of water^ that is to say, our Eaffh'ir^iive'and'a'half 
times heavier than it would be if it were made up of water. 
If we now compare the density of the other planets with 
it, we find that they almost regularly increase in d«tsity 
as we approach the Sun ; Mercury being the most dense ; 
Venus, the Earth, and Mais, liaving densities nearly 
alike, but less than that of Mercury ; while Saturn and 
Neptune are the least dense. 

1A7. Here is a Table showing the volume's, tfhisses, and 
densities^ of the planets ; those of the Earth being t^en 
as 100 : — 





Volume. 


Mass, 


DciMity. 


Mercury . . 


6 . 


7 . 


. 121 


Venus . . 


90 . 


77 . 


. 85 


Earth . . 


100 . 


100 . 


. 100 


Mars 


15 . 


II . 


. 74 


Jupiter . . 


. 129,945 . 


. 3i,iS7 . 


. 24 


Saturn ^- .' 


• 71,795 . 


. 9,333 . 


. 13 


UrantjS''^ . 


. 6,287 . 


. 1,44"^ . 


• 23 


IVepLune . 


• 8,430 . 


. 1,686 . 


. 20 



IA8. To sum up, then, our first general survey of the 
Solar System, we find it composed of planets, satellites^ 
comets, and several rings or masses of meteoric bodies j 
the planetSy both large and small, revolving round the Sun 
in the same direction, the satellites revolving in a similar 
manner round the planets. We have learned the mean 
distances of the planets from the Sun, and we have 
compared the distances and times of revolution of some 
of the satellites. We have also seen that the volumes, 
masses, and densities of the various planets have been 
determined. There is still much more to be learnt, both 
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about the system generally, and the planets particularly ; 
but it will be best, before we proceed with our c^cneral 
examination, to inquire somewhat minutely into the move- 
ments and structure of the Earth on which we dwell. 



Lesson XI. — The LartJi. Its Shape. Poles. Equator, 
Latitude and Longitude. Diameter, 

14.9. As we took the Sun as a specimen of the stars, 
because it was the nearest star to us, and we could there- 
fore study it best, so now let us take our Karth, with which 
we should be familiar, as a specimen of the planets. 

150. In the first place, we have learned that it is 
round. Had we do proof, we might have guessed this, 
because both Sun and Moon, and the planets obser\'able 
in our telescopes, are round. But we have proof. The 
Moon, when eclipsed, enters the shadow thrown by the 
Earth ; and it is easy to see on such occasions, when the 
edge of the shadow Is thrown on the bright Moon, that 
the shadow is circular. 

151. Moreover, if we watch the ships putting out to 
sea, we lose first the hull, then the lower sails, until at 
last the highest parls of the mar^ts disappear. Similarly, 
the sailor, when he sights land, first catches the tops of 
mountains, or other high objects, before he sees the beach 
or port. If tlic surface of the Earth were an extended 
plain, this would not happen ; we should see the nearest 
things and the biggest things best : but as it is, every point 
of tae Earth's surface is the top, as it were, of a flattened 
dome ; such a dome therefore is interposed between us 
and every distant object. The inequalities of the land 
render this fact much less obvious on terra firma than on 
the surface of the sea. 

lafl. Oh all sides of us we see a circle of land, or sea, 
or both, on which the sky seems to rest : this is called the 
sensible korizon. If we observe it from a little boat on 
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the sea, or from a plain, this circle is small ; but if we look 
out from the top of a ship's mast or horn <l hill, we find 
it largely increased — in fact, the higher we go the more is 
the horizon extended, always however retaining its circular 
form. Now, tlic sphere is the only figure which, looked at 
from any external point, is bounded by a circle ; and as 
the horizons of all places are circular, the Earth is a 
sphere, or at all events nearly so* 

153. The Earth is not only round, but it rotates, or 
turns round on an axis, as a top does when it is spinning ; 
and the names of north pole and south pole are given 
to those points on the Earth where the axis would come 
to the surface if it were a great iron rod Instead of a 
mathematical line. Half-way between these two poles, 
there is an iina:_;iiiary line running round the Earth, called 
the equator or equinoctial line. The line through the 
Earth's centre from pole to pole is called the polar 
diameter j the line through the Earth's centre, from any 
point in the equator to the Gpi)osite point, is called the 
eqi^torua diameter, and one of these, as we shall see, is 
longer than the other. 

154.. We owe to the ingenuity of a French philosopher, 
M. L6q^ Foucault, two experiments which render the 
Earth^s rotation visible to the eye. For although, as we 
shall presently see, it is made evident by the apparent 

/ motion of the heavenly bodies and the consequent sue* 
>J cession of day and night, we must not forget that these 

\^ effects might be, and for long ages were thought to be, 
produced by a real motion of the Sun and btaro round the 
.'' Earth. The first method consists in allowing a heavy 
weight, suspended by a fine wire, to ^wing backwards and 

/V forwards like the pendulum of a clock. Now, if we move 

\> the beam or other object to which such a pendulum is 
suspended, we shall not alter the direction in which the 
pendulum swings, as it is more easy for the thread or 
wire, which supports the weight, to twist than for the 
heavy weight itself to alter its course or swing when once 
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;in motion in any particular direction. Therefore, in the 
' experiment^ if the Earth were at rest, the swing of the 
/ pendulum would always be in the same direction with 
/ regard to the support and the surrounding objects, but 
S^would vary if the earth were in motion, 
^ 159. M. Foucault's pendulum was suspended from the 
"'dome of the Pantheon in Paris, and a fine point at the 
r\ bottom of the weight was made to leave a mark in sand 
at each swing. The marks successively made in the sand 
showed that the plane of oscillation varied with regard to 
the building. Here , then, was a proof that the building, 
and therefore the Earth, moved. 

156. Such a pendulum swinging at either pole would 
make a complete revolution in 24 hours, and would serve 
the purpose of a clock were a dial placed below it with 
the hours marked. As the Earth rotates at the north pole 
from west to east, the dial would appear to a spectator, 
carried like it round by the Earth, to move under the 
^ pendulum from west to east, while at the south pole the 
Earth and dial would travel from east to west ; midway 
• between the poles, thai is, at the equator, this effect, of 
course, is not noticed, as there the two motions in opposite 
directions meet. 
^ 157. The second method is based upon the fact, that 
when a body turns on a perfectly true and symmetrical 
axis, and is left to itself in such a manner that gravity is 
not brought into play, the axis maintains an invariable 
position ; so that if it be made to point to a star, which is 
a thing outside the Earth and not supposed to move, it 
will continue to point to it A cyroaeope is an instrument 
so made that a heavy wheel set into very rapid motion 
shall be able to rotate for a long period, and that all 
disturbing influences, the action of gravity among them, 
■ are prevented. 

158. Now, if the Earth were at rest, there would be no 
^ apparent change in the position of the axis, however long 
\^hc wheel might continue to turn ; but if the Earth moves 
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aiid the axis lemains at rest, there should be some diiTer- 
ence. ^ Experiment proves that there is a difference, and 
just such a difference as is accounted for by the Earth's 

rotation. In fact, if we so arrange the gyroscope that the 
axis of its rotation points to a star, it will remain at rest 
^ with regard to the star, while it varies with regard to the 
Earth. This is proof positive that it is the Earth which 
rotates on its axis, and not the stars which revolve round 
it ; for if this were the case the axis of the gyroscope 
would remain invariable with regard to the Earth, and 
change its direction with regard to the star. 

159« If we look at a terrestrial globe, we find that the 
equator is not the only line marked upon it. There are 
other lines parallel to the equator, — that is, lines which are 
at the same distance from the equator all round,— and other 
lines passing through both poles, and dividing the equator 
into so many equal parts. These lines are for the purpose 
of determining the exact position of a place upon the 
globe, and they are based upon the fact, that all circles 
are divided into 360 degrees (marked each degree into 
60 minutes ('), and each minute into 60 seconds ("). 

160. We have first the equator midway between the 
poles, so that from any part of the equator to either pole 
is one quarter round the Earth, or 90 degrees. On either 
side of the equator there are circles parallel to it ; that is 
to say, at the same distance from it all round, dividing the 
distance to the poles into equal parts. Now, it is necessary 
to give this distance from the equator some name. The 
term latltnde has been chosen : north latitude from 
the equator towards the north pole ; south latitude 
from the equator towards the south pole. 

161. This, however, is not sufficient to define tlie exact 
position of a place, it only defines the distance from the 
equator. This difficulty has been got over by fixing upon 
Greenwich, our principal astronomical observatory, and 
supposing a circle passing through the two poles and that 
place, and then reckoning east and west from the circle 
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as we reckon north and south from the eqitator. To this 
east and west redconing the term lontltade has been 

applied. 

162. On the terrestrial globe we find what are termed 
parallels of latitude, and meridians of longitude, at every 
lo'^ or is^' Besides these, at 23^ on either side of the 
equator, are the Tropics: the north one the tropic of 
Cancer, the southern one the tropic of Oapricomj and 
at the same distance from either pole, we find the arctic 
and aataretic circles. These lines divide the Earth's 
surface into five zones — one torrid, two temperatei and 
two Ikitld aOBM. 

163. The distance along the axis of rotation, firom pole 
to pole^ through the Earth's centre, is shorter than the 
distance through the Earth's centre, from any one point 
in the cqudtor to the opposite one. In other words, the 
diameter from pole to pole (the polar diameter) is shorter 
than the one in the plane of the equator (the equatorial 
diameter), and their lengths are as loiiows ; — 

Feet I 

Equatorial diameter .... 41,852,404 « • 
Polar diameter 4h7^79^ 

Now turn these feet into miles : the difference after all is 
small ; still it proves that the Earth is not a sphere^ hut 
what is called an obUte spiieroia. 



Lesson yA\..—The Earih*s Movements. Rotation. 
Movement round the Sun. Succession 0/ Day and 
Night. 

164.. The Earth turns on its axis, or polar diameter, 
in 23h. 56m. In this time we get the succession of day 
and night, which succession is due therefore to the 
Earth's rotation. Before we discuss this further we must 
return to another of the Earth's movements. We know 
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also that it goes round the Sun, and the time in which 
that revolution is effected we call a year. 

165> Let us now inquire into this movement round the 
Sun. We stated (Art. 135) that the planets travelled round 
the centre of the system in ellipses. We will here state 
the meaning of this. If the orbits were circular, the planet 




Fig. 14. — Showing the diflfercnce between a circle .ind ellipses of diflcrent 
eccentricities, and how they arc constructed. 



would always be at the same distance from the Sun, as 
all the diameters of a circle are equal ; but an ellipse is a 
kind of flattened circle, and some parts of it are nearer 
the centre than others. 

166. In Fig. 14 the outermost ring is a circle, which can 
be easily constructed with a pair of compasses, or by 
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Sticking a pin into paper^ throwing a loop over it, keeping 
the loop tight by means of a pencil| and letting the pencil 
travel round. The two inner rings are ellipses. It is seen 
at once that one is very like the circle^ and the other un- 
like it The points D £ and F G are called the foci of 
the two ellipses, and the shape of the ellipse depends upon 
the distance these points are apart. We can see this for 
ourselves if we slick two puis m a piece of paper, pass a 
loop of cotton over them, tighten the cotton by means 
of a pencil, and, still keeping the cotton tight, let the 
pencil mark the paper, as in the case of the circle. The 
pencil will draw an ellipse, the shape of which we may 
vary at pleasure (using the same loop) by altering the 
distance between the foci. 

167« Now the Sun does not occupy the centre of the 
ellipse described by the Earthy but one of the foci. It 
results from this^ that the Earth is nearer |he Sun at one 
time than another. When these two bodies are nearest 
together, we say the Earth is In peillielioii.* When they 
arc lui Llic:>t apart, we say it is in aphelion, f Let us now 
make a sketch of the orbit of the Earth as we bliw tld sec 
it if \sc c ould get a bird's-eye view of it, and deLermine 
the points the Earth occupies at different times of the 
year, and how it is presented to the Sun. ^ . , JSi 

168> Now refer back to Art. io6, in which we spoke of 
the position of the Sun^s axis. We found that the Sun was 
not iloating uprightly in our sea, the plane of the ecliptic ; 
it was dipped down in a particular direction. So it is 
with our Earth. The Earth's axis is inclined in the same 
manner, but to a much greater extent The direction of 
the inclination, as in the case of the Sun, is, roughly 
speaking, always the same, 

160. We have then two completely distinct motions- 
one roimd the axis of rotation, which, roughly speaking, 
remains parallel to itself, performed in a day one 

* TT€pl^ at or near to : ?^Aiof, the Sun. 
t Q,ir6, from^ and ^Atos. 
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round the Sun, performed in a year. To the former 
motion we owe the succession of day and nlsht ; to the 
latter, combined with the incHnation of the Earth's axis, 
we owe the seasons. 

170. In Fig. 15 is given a bird's-eye view of the system. 
It shows the orbit of the Earth, and how the axis of the 




Fig. 15. — The Earth's path round the Sim. 



Earth is incHned— the direction of tlic dip being such 
that on the 21st of June the axis is directed towards the 
Sun, the inchnation being 2^h\ Now, if we bear in mind 
that the Earth is spinning round once in twenty-four 
hours, we shall immediately see how it is we get day and 
night. T/ie Sun can only light up that half of 
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the Earih turned towards it; consequently, at any 
moment, one half of our planet is in sunshine, the other 
in shade ; the rotation of the Earth bringing each part in 
succession from sunshine to shade. 

171. lUit it will be abkcd, " How is it that the days and 
nights are not always equal?" For a simple reason. In 
the first place, the days and nights arc equal all over the 
world on the 22nd of iMarch and the 22nd of September, 
which dates are called the vernal and autumnal equinoxes 
for that very reason— equinox being the Latm for equal 
night. But to make this clearer let us look at the small 
circle we have marked on the Earth— it is the arctic circle. 
Now let us suppose ourselves living in Greenland, just 
within that circle. What will happen? At the sprinip 
equinox (it will be most convenient to follow the order of 
the year) we find that circle half in light and half in shade. 
One half of the twenty-four hours (the time of one rotation), 
therefore, will be spent in sunshine, the other in shade ; 
in other words, the da) and night will be equal, as we 
before stated, (iradually, however, as we approach the 
summer solstice (going from left to right), we find the 
circle cmnlnL^ more and more into the light, in consequence 
of the inclniation of the axis, until, when we arrive at the 
solstice, in spite of the Earth's rotation, we cannot get out 
of the light. At this time we see the midnigrht sun due 
north ! The Sun, in fact, does not set The solstice 
passed^ we approach the autumnal equinox^ when again 
we shall find the day and night equals as we did at the 
vernal equinox. But when we come to the winter solstice, 
we get no more midnight suns ; as shown in the figure, 
all the circle is situated in the shaded portion ; hence, 
again in spite of the Earth's rotation, ive canjwt get out 
0/ tJic darkness^ and we do not see the Sun even at 
noonday. 

172. Now, these facts must be well thought of. If this 
be done there will be no difficulty in understanding how 
it is that at the poles (both north and south) the years 
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consist of one day of six months' duration, and 
one night of equal length. To comprehend our 
long summer days and short nights in England, we have 
only to take a part about half-way between the arctic 
circle and the equator, as marked on the plate, and reason 
in the same way as we did for Greenland. At the equator 
we shall find the day and night always equal. 

173. Here is a Table showing the length of the longest 
days in different latitudes, from the equator to the poles. 
We §ee that the Earth's surface on either side the equator 
may be divided into two zones, in one of which the days 
and nights are measured by hours, and in the other by 
months ; — 



• 




Hours. 






Hours. 


o 


o(Equaloi)^. 


. 12 




48 




i6 






66 




. . • 23 


30 


...... 


• 14^ 


66 


^2 • . • • . 


. . « 24 


4' 


24 


. 15 






Months. 


49 




. 16 


67 


23 




54 


31 


. 17 


69 






58 


27 


. 18 


73 


40 


* • 3 


61 


19 




78 




' • 4 


63 


23 


20 


84 


5 


. . 5 


64 


50 




. 90 


0 (Pole) . 


. . 6 



174. What we have said about the northern liemisphere 
applies equally to the southern one, but the diagram will 
not hold good, as the northern winter is the southern 
summer, and so on ^ and moreover, if we could look upon 
our Earth's orbit from the other side, the direction of the 
motions would be reversed. The reader should construct 
a diagram for the southern hemisphere for himself. 
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Lesson XIII.— 77/^ Seasons. 

175. So much, then, for the succession of day and 
night, 'i'hc seasons next demand our attention. Now, 
the changes to which we inhabitants of the temperate 
zones arc accustomed, the heat of summer, the cold of 
winter, the medium temperatures of spring and autumn, 
depend simply upon the height to which the Sun attains 
at midday. The proof of this lies in the facts that ofi the 
equator the Sun is never far from the zenith, and we have 
perpetual summer : near the poles, — that is, in the frigid 
zones, — the Sun never gets very high, and we have per- 
petual winter. How, then, arc the changing seasons in 
the temperate zones caused ? 




Fig. i6. — Explanation of the apparent altitude of the Sun, as seen from 

London, in summer and winter. 



176. In Fig. 15 we were supposed to be looking down 
upon our system. We will now take a section from 
solstice to solstice through the Sun, in order that we may 
have a side view of it. Here, then, in Fig. 16, we have 
the Earth in two positions, and the Sun in the middle. 
On the left we have the winter solstice, where the axis of 
rotation is inclined away from the Sun to the greatest 
possible extent. On the right we have the summer sol- 
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stice, when the axis of rotation is inclined toivards the 
Sun to the greatest possible extent. The line in 
both represents the parallel of latitude passing through 
London. The dotted line from the centre through b 
shows the direction of the zenith— the direction in which 
our body points when we stand upright. We see that 
this line forms a larger angle with the line leading to 




\ IG. 17.— The Earth, as seen from the Sun at the Summer Solstice 

(noon at London). 

the Sun, or the two lines open out wider, at the winter 
solstice, than they do at the summer one. Hence we see 
the Sun in winter at noon, low down, far from the zenith, 
while in summer we are glad to seek protection from his 
beams nearly overhead. The reader should now make a 
similar diagram to represent the position of the Sun at 

o 
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the equinoxes ; he will find that the axis is not then in- 
clined either to or from the Sun, but sideways, the result 
being that the Sun itself is seen at the same distance from 
the point overhead in spring and autumn, and hence 
the temperature is nearly the same, though Nature ap- 
parently works very differently at these two seasons ; in 
one we have the sowing-time, in the other the fall of the 
leaf. 




■ c 


1 
1 






1 






Fig. i8. — The Earth, as seen troin the Sun at the Winter Solstice 

(noon at London). 

177. Perhaps the Sun's action on the Earth, in giving- 
rise to the seasons, will be rendered more clear by in- 
, quiring how the Earth is presented to the Sun at the four 
seasons — that is, how the Earth would be seen by an 
observer situated in the Sun. First, then, for summer 
and winter. Figs. 1 7 and 1 8 represent the Earth as it would 
be seen from the Sun at noon in London, at the summer 
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and winter solstices. In the former, England is seen well 
down towards the centre of the disk, where the Sun is 
vertical, or overhead ; its rays are therefore most felt, and 
we enjoy our summer. In the latter, England is so near 
the northern edge of the disk that it cannot be properly 
represented in the figure. It is therefore furthest from 
the region where the Sun is overhead ; the Sun's rays are 
consequently feeble, and we have winter. 




Fig. 19 —The Earth, as seen from the Sun at the Vernal Equinox 

(noon at London). 



178. In Figs. 19 and 20, representing the Earth at the 
two equinoxes, we see that the position of England, with 
regard to the centre of the disk, is the same — the only 
difference being that in the two figures the Earth's axis is 
inclined in different directions. Hence there is no differ- 
ence in temperature at these periods. 

179. These figures should be well studied in connexion 
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with Fig. 1 5, and also with Art. 170, in which the cause of 
the succession of day and night is explained. All these 
drawings represent London on the meridian which passes 
through the centre of the illuminated side of the Earth. It 
must therefore be noon at that place, as noon is half-way 
between sunrise and sunset. All the places represented on 
the western border have the Sun rising upon them ; all the 




Fig. 20. — The Earth, as seen from t'le Sun at the Autumnal Equinox 

(noon at London). 

places on the eastern border have the Sun setting. ) As, 
therefore, at the same moment of absolute time \vc have 
the Sun rising at some places, overhead at others, and 
setting at others, we cannot have the same time, as 
measured by the Sun, at all places ahke. 

180. In fact, as the Earth, whose circumference is 
divided into 360^ (Art. 1 39), turns round once in twenty- 
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four hours^ the Sun appears to travel 15° in one hour from 
east to west. One degree of longitude, therefore, 
makes a difference of four minutes of tune, and 
vice versa, ' ' 

Lesson XlY.-^Sirttciure of the Earth. The EartHs 
Crust, Interior Heat of the- Earth, Cause of its 

Polar Compression, The Earth oiue a Star, 

181. Having said so much of the motions of our Earth 
— we shall return to them in a suhscqucnt L«sson— let us 
now turn to its stractnre, or physical constitution. 

We all of us are acquainted with the present appear- 
ance of our globe, how that its surface is here land, 
there water ; and that the land is, for the most part, 
covered with soil wliich permits of vegetation, the vegeta- 
tion var\ ine( according to the climate ; while in some 
places meadows and wood-clad slopes give way to rugged 
mountains, which rear their bare or ice-clad peaks to 
heaven. 

ISft. Taking the Earth as it is, then, the first question 
that arises is, Was it always as it is at present? 
The answer given by Oeolocy and Ptajrsleal Oeosni^T, 

two of the kindred sciences of Astronomy, is that the 
Earth was not always as we now see it, and that for 
millions of years changes have been going on, and are 

going on still. 

183. li has been found, that what is called the Earth's 
crust — that is, the outside of the Earth, as the peel is 
the outside of an orange — is composed of various rorks 
of different kinds and of different ages, all of them, how- 
ever, belonging to two great classes ; — 

Class L Rocks that have been deposited by water 
these are called stimtlfled or sedinentanr 
rocks. 

Class IL Rocks that once were molten: these are 
called li^Aeoiui rocky* 
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194* Now, tbe sedimentary rocks have not always 
existed, for when we come to examine them closely it 
is found that they are piled one over the other in sue* 
cessive layers : the newer rocks reposing upon the older 
ones. The order in which these rocks have been deposited 
by the sea is as follows : — 



List of Stratified Rocks. 

{ Alluvium. 

Cainozoic, or Tertiary . , 



f f AUuviun 

1 Upper \ Drift. 
) I Crag. 

I Lower Eocene. 



Upper Cretaceous, 



Mesozoic, or Secondary . , ^ . 

X J Lower 




Palaeozoic, oi i'ximary . 



I Oolite. 
< Lias. 
I Trias. 



r Permian. 
Upper J Carboniferous. 



levonian. 



Silurian. 



Lower j Cambrian. 
( Archaean. 



ia5. That these beds have been deposited by water, and 
principally by the sea, is proved by the facts— first, that 
in their formation they resemble the beds being deposited 
by water at the present time ; and, secondly, that they 
nearly all contain the remains of fishes, reptiles, and 
shell-fish in great abundance — indeed, some of the 
beds are composed almost entirely of the remains of 
animal life. 

186. Tt must not be supposed that the stratified beds 
of which \\ c have spoken are everywhere met with as they 
are shown in the table ; each bed could only have be^n 
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deposited on those parts of the Earth's crust which were 
under water at the time ; and since the earliest period 
of the Earth^s history, earthquakes and changes of level 
have heen at work, as they are at work now — ^but much 
more effectively, either because the changes were more 
decided and sudden, or because they were at work over 
immense periods of time. 

187. It is found, indeed, that the sedimentary rocks 
have been upheaved and worn away again, bent, con- 
torted, or twisted to an enormous extent; instead of 
being horizontal, as they must have been when they were 
originally formed at the bottom of the sea. they are now 
seen in some cases upright, in others dome>shaped» over 
large areas. 

188* Had this not been the case, the mineral riches of 
the Earth would for ever have been out of our reach, and 
the suifece of the Earth would have been a monotonous 

plain. As it is, although it has been estimated that the 
thickness of the series of scdbneiUary rocks, if found 
complete in any one locaHty, would be 14 miles, each 
member of the series is found at the surface at some 
place or otlier. 

189. The whole series of the sedimentary rocks, from 
the most ancient to the most modern, have been disturbed 
by eruptions of volcanic materials, similar to those thrown 
up by Vesuvius, and other volcanoes active in our own time, 
and by intrusions of rocks of igneous origin proceeding 
from below ; of which igneous rocks, granite, which in con- 
sequence of its great hardness is so largely used for paving 
and macadamizing our streets, may here be taken as one 
example out of many. These rocks are extremely easy to 
distinguish from the stratified ones, as they have no ap- 
pearance of stratiljcation, contain no fossils, and their 
constituents are different, and are irregularly distributed 
throughout the mass. 

190. If we strip the Earth, then, in imagination, of 
the sedimentary rocks, we come to a kernel of rock, the 
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constituents of which it is impossible to determine, but 
which may be imaf^ined to be analogous to the older 
rocks of the granitic series, and to have been part of the 
original molten sphere, which must have been both hot 
and luminouSi in the same way that molten iron is both 
hot and luminous. Doubtless there was a time 
when the surface of our earth was as hot and 
luminous as the surfaces of the sun and stars 
are still. 

lOl. Now, suppose we have a red-hot cannon-ball; 

what happens ? The ball gradually parts with, or radiates 
away, its heat, and gets cool, and as it cools it ceases to 
give out light ; but its cciUi c remains hot long after the 
surface in contact with the air has cooled down. 

192. So precisely has it been with our earth ; indeed, 
we have numerous proofs that the interior of the earth is 
at a high temperature at present, although its surface has 
cooled down. Our deepest mines are so hot that, without 
a perpetual current of cold fresh air, it would be impos- 
sible for the miners to live down them. There are hot 
springs coming from great depths, and the water which 
issues from them is, in some cases, at the boiling temper* 
ature— that is, loo** of the Centigrade thermometer. In 
the hot lava emitted from volcanoes we have evidence 
again of this interior heat, and how it is independent 
of that at the surface ; for among the most active 
volcanoes with which we are acquainted are Ilecla in 
Iceland, and Mount Erebus in the midst of the icy deserts 
which surround the south pole. 

193. It has been calculated that the temperature of 
the earth increases as we descend at the rate of 
(Centigrade) in about thirty yards. We shall therefore 
have a temperature of—' 

# 

Centif^rade. Miles. 

loo', or the temperature of | ^ «f . . 2 
boilmg water ... J 



Digitized by Go -v^i'- 



CHAP. III.] 



THE SOLAR SYSTEM. 



89 



^i^QrAe tonperature of 1 ^ ^ ^ 

redrhot iron ... J ^ 



i,cxx> , or the temperature of \ 
melted glass ... J 

1,500°! or the temperature at 
which everything 
with which we are 
acquainted would 
be in a state of 
fusion 



Miles. 

. . 74 

18 



28 



194-. If this he so, then the Earth's crust cannot exceed 
28 miles in tliickness — that is to say, the part of the 

radius (or of half the diameter), so that it is comparable 
to the shell of an egg. But this question is one on which 
there is much difference of opinion^ some philosophers 
holding that the liquid matter is not continuous to the 
centre, but that, owing to the great pressure, the centre 
itself is solid. Evidence also has recently been brought 
forward to show that the Earth may be a solid or nearly 
solid globe from surfiice to centre. 

195. The density of the Earth's crust is only about 
half of the mean densiiy of the Earth taken as a whole. 
This has been accounted for by supposing that the mate- 
rials of which it is composed are made denser at great 
depths than at the surface, by the enormous pressure of 
the overlying mass ; but there are strong reasons for 
believing that the central portions are made up of 
much denser bodies, such as metals and their com* 
pounds^ than are common at the surface. 

IM. It was prior to the solidification of its crust, and 
while the surface was in a soft or fluid condition, that the 
Earth put on its present flattened shape, the flattening 
being due to a bulging out at the equator, caused by the 
Earth's rotation. If we arrange a hoop, as shown in 
21, and make it revolve very rapidly, we shall see 
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that that part of the hoop furthest from the fixed points, 
and in which the motion is most rapidj bulges out as the 
Earth does at the equator. 

197. The form of the Earth, moreover, is exactly that 
whicli any iknd mass would take under the same circum- 
stances. M. Plateau lias proved this by placing a mass of 
oil in a transparent liquid exactly of the same densit) as 
the oil. As long as the oil was at rest it took the form 
of a perfect sphere floating in the middle of the fluid, 
exactly as the Earth floats in space; but the momenta 
slow motion of rotation was given to the oil by means of 




Fig. 2z.~Explanadonof the spheroidal iorm of the Earth. 



a piece of wire forced through it, the spherical form was 
changed into a spheroidal one, like that of the Earth. 

l©a. The tales told by geology, the still heated state 
of the Earth, and the shape of the Earth itself, all show 
that long ago the sphere was intensely heated, and fluid. 

Lesson XV.- The Earth {cmtinued). The Atmosphere. 

ffelts of Winds and Calms. The Actio7i of Solar and 
^ ^'^ Terrestrial Radiation, Clouds, Cheinistry of the 

Earth, The Earth's Past and Future. 

IM. Having said so much of the Earth's crust, we must 
now, in order to fully consider our Earth as a planet, pass 
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on to the atmosphere, which may be likened to a great 

ocean, covering the Earth to a height which has not yet 
been exactly detei iuiaed. This height is generally sup- 
posed to be 45 or 50 miles, but there is evidence to show 
that we have an atmosphere of some kind at a height of 
i 400 or 500 miles. 

f 200. The atmosphere, as we know, is the home of the 

• winds and clouds, and it is with these especially that we 
j have to do, in order to try to understand the appearances 
f presented by the atmospheres of other planets. Although 
' in any one place there seems no order in the production 

of winds and clouds, on the Earth treated as a whole we 
find the greatest regularity ; and we find, too, that the 
Sun's heat and the Earth^s rotation are, in the main, the 
causes of all atmospheric disturbances. 

aoi. If we examine a map showing the principal move- 
ments and conditions of the atmosphere, we shall find, 
belting the Earth along the equator, a belt of equatorial 
calms and 1 aius. North of this we get a broad region, 
a belt of trade-winds, where the winds blow from the 
north-east ; to the south we find a similar belt, where the 
prevailing winds are south-east. Polewards from these 

• belts to the north and south respectively lie the calms of 
'Caaeer and the calms of Capricorn* Still further towards 
^the poles, we find the eouater-trades, in regions where 

the winds blow from the equator to the poles : in the 
* northern hemisphere they blow south and west, and in 
the southern hemisphere north and west ; and at the poles 
J themselves we find a region of polar calms. 
\ SOS. Now if the Esuth did not rotate on its axis we 
^should still get the trade-winds, but both systems would 
blow from the pole to the equator ; but as the Earth does 
rotate, the nearer the winds get to the equator the more 
rapidly is the Earth's surface whirled round underneath 
them; the Earth, as it were, slips from under them in 
an easterly direction, and so the northern trade-winds 
appear to come from the north-east^ and the southern ones 
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from the soutli-east. Similarly, the counter-trades, which 
blow towards the poles, appear to come, the northern 
^oncs from the south-west and the st>uthcrn imus from 
the north-west. The nc.ircr they approach the poles tlie 
slower is the motion of the Earth under them, compared 
with the regions nearer the equ uor ; consequently, they 
are travelling to the eastward faster than the parallels 
at which they successively arrivej and they appear to 
come from the westward. 

flOa« Now, how are these winds set in motion ? The 
tropics are the part of the Earth which is most heated, 
and, as a consequence, the air there has a tendency to 
ascend, and a surfece-wind sets in towards the equator 
on both sides, to fill up ilic gap, as it were ; when it gets 
there it also is heated ; the two streams join and ascend, 
and flow as upper-currents towards either pole. Where the 
two streams meet in the region of equatorial calms some 
4° or 5^ broad, we have a cloud-belt, and daily rains. The 
counter-trades are the upper-currents referred to above, 
which in the regions beyond the calms of Cancer and 
Capricorn descend to the Earth's surface, and fonn 
suriface-currents. 

ft04. We see, therefore, that it is the Sun which sets all 
this atmospheric machinery in motion, by heating the 
equatorial regions of the Earth ; and as the Sun changes 
its position with regard to the equator, oscillating up and 
down in the course of the year, so do the calm-belts and 
trade-winds. The belt of equatorial calms follows the 
Sun northwards from January to July, wiien it reaches 
25*^ N. lat. and then retreats, till at the next January it 
is in 2 5*^ S. lat. 

205. So much for the .Sun's direct action, and one of 
its efl'ects on our rotating planet — the prevailing wind- 
currents, which are set in motion by the ^g yotoooo P^^ 
of the Sun's radiation into space, which represents an 
amount of heat that would daily raise 7,513 cubic miles of 
water from the freezing to the boiling point. 
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S06. To the radiation from the Earth, combined with 
the existence of the vapour of water in the air, must be 
ascribed ail the other atmospheric phenomena. Aqueous 
vapour is the great mother of clouds. When it is chilled 
by a cold wind or a mountain-top, it parts with its heat^ 
is condensed^ and forms a cloud ; and then mist, rain, 
snow, or hail, is formed : when it is heated by the direct 
action of the Sun, or by a current of warm air, it absorbs 
all the heat and expands, and the clouds disappear. 

fl07. We now come to the materials of which our 
planet, including the Earth's crust and atmosphere, is 
composed. These are about 70 in number; they are 
called the chemical elements,*^ and consist of : — 

Non-Metallic f' Nitrogen, oxygen, chlorine, bromine, 
elementiv^ iodine, iluorine, silicon, boron, 
or 1^ '€ai:bon, sulphur, selenium, tellurium, 

Metalloids* I phos|)liorus, arsenic. 

Gase&us meiai :^Hydtogciu 
Metals of the alkalies \ — Potassium, 

sodium, caesium, rubidium, lithium. 
Metals of the alk<Uine eofiks^ — Cal- 
cium, strontium, barium. 
Other met a Is : — Aluminium, zinc, iron, 
tin, tungsten, lead, silver, gold, &c. 

The elements which constitute the great mass of the 
Earth's cru^L ciie comparatively few — aluininium, calcium, 
carbon, chlorine, hydrogen, magnesium, oxygen, potas- 
sium, silicon, sodium, sulphur. Oxygen combines with 
many of these elements, and especially with the earthy 
and alkaline metals ; indeed, one-half of the ponderable 
matter of the exterior parts of the globe is composed 
of oxygen in a state of combination. Thus sandstone, 
the most common sedimentary rock, is composed of silica, 
which is a compound of silicon and oxygen, and is half 

* See Koscoe's ** Elementary Chembtfyy" a volume in this seriea 
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made up of the latter ; ^^anite, a common igneous n>ck« 
composed of quartz, feldspar, and mica, is nearly hall 
made up of oxygen in a state of combination in those 
substances. 

fi08. The chemical composition, by weight, of lOO 

parts of the atmosphere at present is as follows : — 



Besides these two main constituents, we have — 

Carbonic acid . quantity variable with the locality. 
Aqueous vapour . quantity variable with the tem- 
perature and humidity. 

Ammonia ... a trace. 

* 

We said at present ^ because, when the Earth was 
molten, the atmosphere must have been very different. 

We had, let us imagine, close to the still glowing crust — 
composed perhaps of acid silicates — a dense vapour, made 
up of compounds of the materials of the crust which 
were volatile only at a high temperature ; the vapour of 
chloride of sodium, or common salt, would be in large 
quantity ; above this, a zone of carbonic acid gas ; above 
this again, a zone of aqueous vapour, in the form of steam j 
and lastly, the nitrogen and oxygen.**^ 

As the cooling went on, the lowest zone, composed of 
the vapour of salt, and other chlorides, would be con- 
densed on the crust, covering it with a layer of these sub- 
stances in a solid state. Then it would be the turn of the 
steam to condense too, and form water ; it would fall on 
the layer of salt, which it would dissolve, and in time the 
oceans and seas would be formed, which would conse- 
quently be salt from the first moment of their appearance. 
Then, ill addition to the oxygen and nitrogen which still 
remain, we should have the carbonic acid, which, in the 

* David Forbes, io the Ggch^^cmt MagoMutt, vol. iv. p. 439. 
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course of long ages, was used up by its carbon going to form 
the luxuriant vegetation, the pressed remains of which 
is the coal which wanns us, and does nearly all our work. 

S09« Now it is the presence of vapour in our lower 
atmosphere which renders life possible. Vfhen the surface 
of the Earth was hot enough to prevent the formation of 
the seas, as the water would be turned into steam again 
the instant it touched the surface, there could be no life. 
A^aih, if ever the surface of the Earth be cold enoiigli to 
freeze all the water and all the gaseous vapour in the 
atmosphere, life — as we have it— would be equally ini- 
pohsilile. If this be true, all the Earth's history with 
which we arc acquainted, from the dawn of life indicated 
in what geologists call the oldest rocks, down to our own 
time, and perhaps onwards for tens of thousands of years, 
is only the history of the Earth between the time at which 
its surface had got cold enough to allow steam to turn into 
water, and that at which its whole mass will be so cold 
that all the water on the surface, and all the vapour of 
water in the atmosphere, will be turned into ice. 

ftiO« The nebular hypothesis comes in here and shows 
us how, prior to the Earth being in a fluid state, it existed 
dissolved in a vast nebula, the parent of the Solar System ; 
how this nebula gradually contracted and condensed, 
throwing off the planets one by one ; and how the central 
portion of the nebula, condensed perhaps to the fluid 
state, exists at present as the glorious heat-giving Sun, 

Although, therefore, we know that stars give out light 
because they are w hite-hot bodies, and that planets are 
not self-luminous because they are comparatively cold 
bodies, we must not suppose that planets were always 
cold bodies, or that stars will always be white-hot bodies. 
Indeed, as we have shown, there is good reason for sup- 
posing that all the planets were once white-hot, and gave 
out light as the Sun does now. 
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Lesson XV\—Thc Moon: its Size, Orbit, and 
Motiofis: its Physical Constitution. 

211. The Moon, as we have already bcen, is one of ihe 
biitellites, or secondary bodies ; and although it ap- 
pears to us at night to be so infinitely larger th in the fixed 
stars and planets, it is a little body of 2,160 miles in 
diameter; so small is it, that 49 moons would be required 
to make one earth, i|300,ooo earths being required, as we 
have seen, to make one sun ! 

ftlS. Its apparent sizCi then, must be due to its near- 
ness. This we find to be the case. The Moon revolves 
round the Earth in an elliptic orbit, as the Earth revolves 
round the Sun, at an average distance of only 238,793 
miles, which is equal to about 10 times round our planet. 
As the Moon's orbit is elliptical, she is sometimes nearer 
to us than at others. Her greatest and least distances 
are 251,047, and 225,719 miles : the difference is 26,228. 
When nearest us, of course she appears larger than at 
other times, and is said to be in perigpe ( Trcpi near, and 
yri the Earth) ; when most distant, she is said to be in 
apogee (arrofrom, and 79). 

ai3. The Moon travels round the Earth in a period of 
27d. 7h. 45m. ii|s. As we shall see presently, she requires 
more time to complete a revolution with respect to the 
Sun, Vhich is called a lunar month, lunation, or synodic 
period. 

. AM. The Moon^ like the planets and the Sun, rotates 

' ' oh an axis ; but there is this peculiarity in the case of 

the Moon, namely, that her rotation and her revolution 
round the Earth are performed in equal times, that is, 
in 27d. 7h. 43m. Hence we only see one side of our 
satellite. But as the Moon's axis is inclined 1° 32' to 
the plane of its orbit, we sometimes see the reiiion round 
one pole, and sometimes the region round the other. This 
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is termed the llbratloii in latitude* There are also a 
ttbration in loncitnde, arising from the fact, that though 
its rotation is. uniform, its rate of motion round the Earth 
varies, so that we sometimes see more of the western cdije 
and sometimes more of the eastern one ; and a daily 
libration, due to the Earth's rotation carryin^j the 
observer to the right and left of a line joining the 
centres of the Earth and Moon. Wlien on the right 
of thiR line, we see more of the right edge of the Moon; 
when on the left, we see more of the left edge. 

The plane in which the Moon performs her 
journey round the Earth is inclined 5** to the plane of the 
ecliptic, or the plane in which the Earth performs her 
journey round the Sun (Art 105). The two points in which 
the Moon's orbit, or the orbit of any other celestial body, 
intersects the Earth's orbit, are called the nodes. The 
line joining these two points is called the Une of nodes. 
The node at which the body passes to the north of the 
ecliptic is called the ascending; node, the other the 
descendinfT node. 

216. The lauiions of the Moon, as we shall see by and 
by, are very complicated. \Vc may get an idea of its 
path round the Sun if we imagine a wheel going along 
a road to have a pencil fixed to one of its spokes, so as 
to leave a trace on a wall : such a trace would consist 
of a series of curves with their concave sides 
downwards^ and such is the Moon's path with regard 
to the Sun. 

ftl7. Besides the bright portion lit up by the Sun, we 
sometimes see, in the phases which immediately precede 
and follow the New Moon, that the obscure part is 
faintly visible. This appearance is called the Earth 
shine" {Lumen incinerosum^ Lat ; Lumi^re cendrie^ Fr.), 
and is due to that portion of the Moon reflecting to us 
the light it receives from the Karth. When this faint 
light is visible — when the "Old Moon'' is seen in the " New 
Moon's arms" — the portion lit up by the Sun seems to 
belong to a larger moon than the other. This is an etfcct 

H 
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of what is called irradiation, and is explained by the 
fact that a bright object makes a stronger impression on 
the eye than a dim one, and appears laiger the brighter it is. 

fiia. The average of four estimations gives the Moon's 
light as $4V5yj of that of the Sun, so we should want 
547)5 1 3 full moons to give as much light as the Sun does ; 
and as there would not be room to place such a large 
number in the one-half of the sky which is visible to us, 
since the Moon covers 240000 it follows thai the 

light from a sky full of moons would not be so bright 
as sunslunc. 

219. At risini; or setting, the Moon sometimes appears 
to be larger than it docs when high up in the sky. This 
is a delusion, and the reverse of the fact ; for, as the 
Earth is a sphere, we are really nearer the Moon by half 
the Earth's diameter when the part of the Earth on which 
we stand is underneath it ; as at moon rise or moon set we 
are situated, as it were^ on the side of the Earthy half-way 
between the two points nearest to and most distant from 
the Moon. Let the reader draw a diagram, and reason 
this out 

SflO. Now a powerful telescope will magnify an object 
1,000 times ; that is to say, it will enable us to see it as if 
it were a thousand times nearer than it is : if the Moon 
were i,ouo times nearer, it would be 240 miles off, con- 
sequently astronomers can see the Moon as if it were 
situated at a little less than that distance, since it is 
measured from centre to centre, and we look from surface 
to surface. In consequence of this comparative nearness, 
the whole of the surface of our satellite turned towards us 
»has been studied and mapped with considerable accuracy. 
0\ys/^ flftl- With the naked eye we see that some parts of the 
,i Moon are much brighter than others; there are dark 
H(i patches, which, before large telescopes were in use, were 
thought to be, and were named, Oceans, Gulfs, and so on. 
• The telescope shows us that these dark markings are 
snK)olh j)lains, and that the bright ones are ranges of 
mountains and hdl country broken up in the most IrciueU' 
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dous manner by volcanoes of all sizes. A further study 
convinces us that the smooth plains are nothing but old 
seorbottoms. In fact, once upon a time the surface of the 
Moon^ like our Earth, was partly covered with water, and 
the land was broken up into hills and fertile valleys ; as 
on the Earth we have volcanoes, so did it once happen in 
the Moon, with the difference that there the size of the 
volcanoes and the number and activity of them were 
far beyond anyilung we can imagine ; luiia, the larg-est 
volcanic mountain in Europe, is a mere dwarf compared 
with many on the Moon. 

222. Tlie best way (^f seeing how the surface of our 
satellite is broken up in this manner, is to observe the 
terminator— the name given to the boundary between 
the lit-up and shaded portions : along this line the moun- 
tain peaks are lit up, while the depressions are in shade, 
and the shadows of the mountains are thrown the greatest 
distance on the illuminated portion. The heights of the 
mountains and depths of the craters have been measured 
by observing the shadows in this manner. 

flft0* Besides the moimtaia-rajic^s and erater-moiia* 
tmlnji, there are also walM plataw, isolated peaks, and 
curious markings, called rUles. The principal ranges, 
craters, and walled plains have been named after distin- 
guished philosophers, astronomers, and ir.u cllcrs. 

224>v i he diameter of the walled plain Schickard, near 
the south-east limb or edge of the Moon, is 133 miles. 
Clavius and Grimaldi have diameters of 142 and 138 
miles respectively. Here is a table of the height of some 
of the peaks, with that of some of our terrestrial ones, for 
comparison : 



Feet. 



Dorfel 

Ramparts of i measured from the 



26,691 



Newton \ floor of the crater 
Eratosthenes (central cone) . . 

Mont Blanc 

Snowdon 




15,750 
15,870 

3,500 



H 2 



r 
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Beer and Madler have measured thirty-nine mountains 
higher than Mont Blanc. It must be recollected also 
that as the Moon is so much smaller than the Earth, the 
proportion of the height of a mountain to the diameter is 
much greater in the former. 

ftM. As far as we knoW| with one or two very doubtful 
exceptions, the volcanoes are now all extinct ; the oceans 
have disappeared ; the valleys are no longer fertile ; nay, 
the very atmosphere lias appaiently left (Uir satellite, and 
that little celestial body which prob.ibly was once the 
scene of various forms of life now no longer supports them. 

This may be accounted for by supposing (see Art. 191) 
that, on account of the small mass of the Moon, its original 
heat has all been radiated into space (as a bullet will take 
less time to get cold than a cannon-ball). 

&M. The ri lies, of which nearly i^goo arenowknown^ 
are trenches with raised sides more or less steep. Besides 
the rilleS) at full Moon^ bright rsjs are seen^ which seem 
to Start from the more prominent mountains. Some of 
these rays are visible under all illuminations ; one, which, 
emanating from Tycho, crosses a crater on the north- 
east of Fracastorius, is not only distinctly visible when 
the terminator grazes the west edge of Fracabloi lus, but 
is even brighter as the terminator approaches it. Those 
emanating from Tycho are different in their character 
from those emanating from Copernicus, while those from 
Proclus form a third class. 

Mr. Nasmyth has been able to produce somewhat 
similar appearances on a glass globe by filling it with 
cold water, dosing it up, and plunging it into warm 
water. This causes the inclosed cold water to expand 
very slowly, and the globe eventually bursts, its weakest 
point giving way, forming a centre of radiating cracks 
in a similar manner to the fissures, if they be fissures, in 
the Moon. 

aS7. We say that the Moon has apparently no atmo- 
sphere: (i) because we never see any clouds there, and 
(2) because, when the Moon's moiiun cau^acs it to travel 
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over a star, or to occult it, as it is called, the si.u di^ap- 
peais at once, and does not seem to linger on the edge^ 
as it would do if there were an atmosphere. 

298. As the Moon rotates on her axis, as we do, only 
more slowly, the changes of day and niglit occur there as 
here ; but instead of being accomplished in 24 hours, the 
Moon's day is 29^ of our days long, so that each portion 
of the surface is in turn exposed to, aiui shielded from, 
the Sun for a fortnight. Now it has been pointed out that 
if the Moon be absolutely devoid of atmosphere^ itssurface, 
undefended from the intense cold of space, could never^ 
even under a vertical sun, rise above - 50^ Fahrenheit ; in 
other words, would be always below the freezing-point of 
mercury. Some recent experiments, however, of a very 
delicate nature, seem to show that the temperature of the 
illuminated side of the Moon is not so excessively low, 
leading to the inference that a very thin lunar atmospliere 
does really exist. 

In Plate VI. we give a view of the crater Copernicus, 
one of the most prominent objects in the Moon. The 
details of the crater itself, and of its immediate neighbour- 
hood, represented in the drawing, reveal to us unmis- 
takable evidences of volcanic action. The floor of the 
crater is seen to be strewn over with rugged masses, while 
outside the crater-wall (which on the left-hand side casts 
a shadow on the floor, as the drawing was taken soon 
after sunrise at Copernicus, and the Sun is to the left) 
many smaller craters, those near the edge forming a 
regular line, are distinctly visible. Enormous unclosed 
cracks and chasms are also distinguishable. The depth 
of the crater floor, from the top of the wall, is 11,300 feet ; 
and the height of the wall abo\ e the general .surface of 
the Moon is 2,650 feet. The irregularities in the top of 
the wall are well shown in the shadow. The scale of 
miles attached to the drawing shows the enormous 
proportions of the crater. / 
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Lesson XVII. — PJiasc^ of the Moon. Eclipses: how 
Caused, Eclipses of the Moon, 

!^29. Let us now explain what are called the phases of 
the Moon,— that is, the ditTcreiit shapes the Moon puts 
on. \Vc stated very early in this little book (Art 12) that 
the MofMT, like the Earth, got all her light from the Sun. 
Now, in the first ])lace, it is clear that the wSun can only 
light up that half of the Moon which is turned towards it ; 
it is clear also that, if we could get on the same side of 
the Moon as the Sun is, we should see the lit-up half ; if 
we got on the other side, we should see just nothing at all 
of the Moon. But this is exactly what happens, and to 
explain this let us suppose the plane of the Moon's motion 
to be in the plane of the ecliptic. In Fig. 22, we suppose 
the Sun to lie to the right ; the Earth and its orbit are 
shown, the half turned towards the Sun being of course 
lit up. We also represent the Moon's orbit. Let us 
first take the Moon at A. We represent it with the side 
turned to the Sun lit up. Now it is clear that, as we are 
on the side opposite to the Sun, we cannot see the lit-up 
pnrtion — this is the position occupied by the New Moon 
— and practically we do not sec the New Moon. Now 
let us take the Moon at B ; it is equally clear that at this 
point we face the lit-up portion and see all of it. Now 
this occurs at roll Moon, when the Moon arrives at such 
a position in her orbit that the Sun, Earth, and herself 
are in the same line, the Moon lying outside, and not in 
the middle as at New Moon. 

a30. At C and D our satellite is represented midway 
between these two positions. Again, it is evident that 
at C we .^hall r:cc one-half of the lit-up Moon— iliaL half 
lyinpf to the right, as seen from the Earth ; at D we shall 
see the lit-up portion lying to the left, looking from the 
Earth. These positions are those occupied by the Moon 
at the First Quarter and Last Quarter respectively* 



Digitized by Go -v^i'- 



CHAP. III.] THE SOLAR SVSTKM. 103 



When the Moon is at E and F we shall see but a small 
part of the lit-up portion, and we shall get a crescent 
Moon, the crescent in both cases being turned to the 
Sun. At G and H the Moon will be ribbons. 




Fig. 22.— Phases of ihc Moon. 



231. So that the history of the phases is as follows : — 

New Moon. The Moon is invisible to us, because the 

Sun is lighting up one side and we arc on 
the other. 

Crescent Moon. We just begin to see a little of the illumi- 
nated portion, but the Moon is still so 
nearly in a line with the Sun, that we 
only catch, as it were, a glimpse of the 
side turned towards the Sun, and see the 
Moon herself for a short time after sunset. 
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First Quarter. As seen from the Moon, the Earth and 

Sun are at right angles to each other. 
When the Sun sets in the west, the Moon 
is south. Hence, as the illumination is 
sidewaysy the right-hand side of the Moon 
is lit up. 

Cdbboiis Moon. The Moon is now more than half lighted 

up on the right-hand side. 

Fall Moon. The Earth is now between the Sun and 

Moon, and therefore the entire half of 
the Moon which is illuminated is visible. 

232. From Full Moon we return through the Second 
Quarter and other similar phases to the Now Moon, when 
the cycle recommences. So that, from New Moon the 
illuminated portion of our satellite waxes, or increases 
in size, till Full Moon, and then wanes, or diminishes, 
to the next New Moon ; the illuminated portion, except 
at Full Moon, being separated from the dark one by 
a semi-ellipse, called, as we have seen (Art. 222), the 
terminator. 

233* In Fig. 22 we supposed that the Moon's motion 
was performed in the plane of the ecliptic. Our readers 
now know (Art 215) that this is not the case : if it were 
so, every New Moon would put out the Sun ; and as the 
Earth, and every body through which light cannot pass, 
both on the Earth and off it, casts a shadow , every Full 
Moon would be hidden in that shadow. These appear- 
ances are called eclipses, and they do happen sometimes. 
Let us see if we can show under what circumstances they 
do happen. One-half of the Moon's journey is performed 
above the plane of the ecliptic, one-half below it ; hence 
at certain times— twice in each revolution — the Moon is 
in that plane, at those parts of it called the nodes. Now, 
if the Moon at that time happens to be new or full— that 
is, in line with the Karth and Sun— in one case we shall 
have an eclipse of the Sun, in the other we shall have an 
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eclipse of the Moon. This will be rendered clear by the 
accompanying figure. We have the Sun at bottom, the 
Earth at top, and the Moon in two positions marked A and 
B, the level of the page representing 
the level, or plane, of the ecliptic. 
We suppose therefore in both cases 
that the Moon is at a node, — that is, 
on that level, neither above nor be- 
low it. 

234. At A, therefore, the Moon 
stops the Sun's light, its shadow falls 
on a part of the Earth ; and the 
people, therefore, who live on that 
particular part of it where the shadow 
falls cannot see the Sun, because the 
Moon is in the way. Hence we shall 
have what is called an eclipse of the 
Sun- 

235. At B the Moon is in the 
shadow of the Earth cast by the Sun ; 
therefore the Moon cannot receive 
any light from the Sun, because the 
Earth is in the way. Hence we shall 
have what is called an eclipse of the 
Moon. 

236. It will easily be seen from the 
figure, that whereas the eclipse of the 
Moon by the shadow of the much 
larger Earth will be more or less 
visible to the whole side of the Earth 
turned away from the Sun, the shadow 
cast by the small Moon in a solar 
eclipse is, on the contrary, so limited, fig. 23 —Eclipses of the 
that the eclipse is only seen over a 

small area. 

237. In the figure two kinds of shadows are shown, 
one much darker than the other ; the former is called the 
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umbra, the latter the penumbra. If the Sun were a 
point of Ught merely, the shadow would be all umbra ; but 
it is so large, that round the umbra, where no part of the 
Sun is visible, there is a belt where a portion of it can be 
seen ; hence we get a partial shadow, which is the meaning 
of penumbra. This will be made quite clear if we get 
two candles to represent any two opposite edges of the 
Sun, place them rather near together, at equal distances 
from a wall, and observe the shadow they cast on the wall 
from any object ; on cither side the shadow thrown by 
both candles will be a shadow thrown only by one. 

238. In a total eclipse of the Moon, as the Moon travels 
from west to east, we first see tlie eastern side of the 
Moon slightly dim as slie enters the penumbra ; this is 
the first contact with the pen unil^ra, spoken of in 
almanacs. At length, when the real umbra is reached, 
the eastern edge becomes almost invisible ; we have the 
first contact with the dark shadowj the circular 
shape of the Earth's shadow is distinctly seen, and at 
last she enters it entirely* When the Moon passes, how- 
ever, into the shadow of the Earth, it is scarcely ever quite 
obscured ; the Sun's light is bent by the Earth's atmo- 
sphere towards the Moon, and sometimes tinges it with a 
ruddy colour. The eclipses, however, which occurred in 
1642, 1761, 1816, and on the 4th of October, 18S4, were 
reiuaikcible for the total disappearance of the Moon. 

A total eclipse of the Moon may last about hours. 
When the Moon again leaves the umbra we have the last 
contact with the dark shadow; and after the last 
contact with the penumbra, the eclipse is over. 

1239- If the Moon is not exactly at a node, we shall 
only get a partial eclipse of the Moon, the degree of 
eclipse depending upon the distance from the node. For 
instance, if the Moon is to the north of the node, the 
lower limb may enter the upper edge of the penumbra or 
of the umbra ; if to the south of the node, the upper 
portion will be obscured. 
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Lesson XWllh—Eciipses [fontinued), FMipses of the 
Sun. Total Eclipses and their Phenomena, Corona, 
Red-flames. 

a^o. In a total eclipse of the Sun^ the diameter of the 
shadow which falls on the Earth ts never large^ averaging 
about 150 miles ; the Moon, which obscures the Sun, 
revolves from west to east in a month, and the Earth's 
surface, on which the shadow falls, also rotates from west 
to east in a day, and the shadow sweeps across it from 
west to cast with i^rcat rapidity. The longest time an 
eclipse of the Sun can be lui.il at any place is seven 
minutes, and of course it is only visible at tliosc places 
swept by the shubiw. Hence, in any oi^ie place, total 
eclipses of the Sun are of very rare occurrence; in London, 
for instance, there has been no total eclipse of the Sun 
since 17 1 5. 

Ml. In eclipses of the Sun there are no visible effects 
of umbra and penumbra seen on the Sun itself; we have 
the real (though invisible) Moon eating into the real and 
visible Sun, the western edge of the Sun in the case of 
total eclipses being first obscured. The ol)scuration in- 
creases until the Moon covers all the Sun, and soon 
afterwards the western edge of the Sun reappears. 

ft4a. As in the case of the Moon, there are other 
eclipses besides total ones. To explain this we must give 
a few figures. As both Sua and Mooa arc round, or 
nearly so, the shadow from the latter is round ; and as tiie 
Sun is larger than the Moon, the shadow ends in a point. 
The shape of the shadow is, in fact, that of a cone — 
hence the term "cone of shadow." Now, the lengtli of 
this cone varies with the Moon's distance from the Sun : 
when nearest, the Moon will of course throw the shortest 
shadow. The lengths are about as follow : — 

Miles, 

When the Moon and Sun are nearest together . 230,000 
„ „ „ furthest apart . . 238,000 
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But in Art. 212 we saw that the distance between the 
Earth and Moon varied as follows : — 

Miles. 

When the Moon and Earth are nearest together 225,719 
„ „ „ furthest apart . 251,947 

Hence, svhen the Moon is furthest from the Earth, or in 
apogee, the shadow thrown by the INIooa is not long" 
enough to reach the Earth ; at such times the Moon looks 
smaller than the Sun ; and if she be at a node, we shall 
have an annular eclipse — that is, there will be a ring 
(annulus^ Lat. ring) of the Sun visible round the Moon 
when the eclipse would otherwise have been total. 

243- There may be partial aelipses of the Sun, for the 
same reason as we have partial eclipses of the Moon; 
only as the Moon is not exactly at the node in one case, 
she does not get totally eclipsed, because she does not 
pass quite into the shadow of the Earth ; and in the other, 
the Sun does not get totally eclipsed, because the Moon 
does not pass exactly between tis and the Sun. 

244- . The nodes of the Moon are not stationary, but 
move backwards upon the Moon's orbit, a complete revo- 
lution taking place with regard to the Moon in 18 years 
TO dny^, nearly. Tlie Moon in her orbit, therefore, meets 
tlio sinnc node again Ijefore she arrives at the same place 
with regard to the Sun again, one period being 27d. 5h. 6m., 
called the nodical revolution of tiie Moonj and the other, 
29d I2h. 44m., called the synodieal revolution of the 
Moon, in which it regains the same position with regard 
to the Sun. The node is in the same position with regard 
to the Sun after an interval of 346d. I4h. 52m. This is 
called a synodic revolntion of the node. Now it so hap- 
pens that nineteen synodic revolutions of the node, after 
which period the Sun and node would be alike situated, 
are equal to 223 synodic 1 evolutions of the Moon, after 
which period the Sun and Moon would be alike situated ; 
so that, if we have an eclipse at the beginning of the 
period, wc shall have one at the end of it, the Sun, Moon, 
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and node having got back to their original positions. 
This period of 18 yeai^ 10 days is a cycle of the Moon^ 
known to the ancient Chaldeans and Greeks under the 
name of Saros, and by its means eclipses were roughly 
predicted before astronomy had made much progress. 

d4.5. A total eclipse of the Sun is at once one of the 
most awe-inspiring and grandest sights it is possible for 
man to witness. As the eclipse advances, but before the 
totality is complete, the sky grows of a dusky livid, or 
purple, or yellowish crimson colour, wliich gradually gets 
darker and darker, and the colour appears to run over 
large portions of the sky, irrespective of the clouds. The 
sea turns lurid red. This singular colouring and darken- 
ing of the landscape is quite unlike the approach of nighty 
and gives rise to strange feelings of sadness. The Moon's 
shadow is seen to sweep across the surface of the Earth, 
and is even seen in the air ; the rapidity of its motion and 
its intenseness produce a feeling that something material 
is sweeping over the Earth at a speed perfectly frightful. 
All sense of distance is lost, tlie faces t)f men assume a 
livid luie, fowls hasten to roost, tlowers close, cocks crow, 
and the wliole animal world seems frightened out of its 
usual propriety. 

d4>6. A few seconds before the commencement of tlie 
totality the stars burst out ; and surrounding the dark 
Moon on all sides is seen a glorious halo, generally of a 
silver-white light ; this is called the corona. It reveals to 
us for the most part the exterior portion of the Sun's 
atmosphere, which is not seen when the Sun itself is 
visible, owing to the overpowering light of the latter. It 
is slightly radiated in structure, and extends sometimes 
beyond the Moon to a distance equal to our satellite's 
diameter. Besides this, rays of light, called aigrettes, 
diverge from the Moon's edge, and appear to be shining 
through the light of the corona. In some eclipses some 
parts of the corona have reached to a much greater 
distance from the Moon's edge than iii others. 
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24.7. During the total eclipse observed in America on 
July 29, 1878, equatorial streamers were seen proceeding 
from the Sun to a distance of fully 10,000,000 miles, and 




Fig, 24. — Corona of 1878, as seen Ichind a screen. 



something of the same extraordinary appearance had also 
been noticed in 1867. Now, it is remarkable that both 
these years were epochs of sun-spot minimum, so that the 
shape of the corona has been assumed to be in some way 
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connected with the phases of the Sun's activity. The view 
has, however, lately been put forward that these apparent 
coronal extensions may really indicate a permanent solar 
appendage in a ring of cooled material revolving partly 
within the limits of the solar atmosphere. The fall of 
matter from this ring upon the Sun*s surface, resulting 
from inevitable disturbances, would produce spots and 
prominences, and account for many of the best-marked 
features of the sun-spot period. It would also explain 
the acceleration of spots neat the equator. 

24.7a. The spectroscope tells us that the corona is in 
part made up of two kinds of gas — hydrogen, and an 
unknown gas emitting green light exclusively j in part of 
solid or liquid particles reflecting sunlight. 

24-8. When totality has commenced^ apparently close 
to the edge of the Moon, and therefore within the corona, 
are observed fantastically-shaped masses, full lake-red, 
fading into rose-pink, variously called red flames and red 
prominences. Two of the most remarkable of these 
hitherto noticed were observed in the eclipse of 1 85 1. They 
have thus been described by the Rev. W. R. Dawes : — 

"A bluntly triangular pink body [was sccnj suspended^ 
as iL were, in the corona. This was separated from the 
Moon's edge when first seen, and the separation increased 
as the Moon advanced. It had the appearance of a lar<^e 
conical protuberance, whose base was hidden by some 
intervening soft and ill-defined substance. . . To the 
north of this appeared the most wonderful phenomenon 
of the whole : a red protuberance, of vivid brightness and 
very deep tint, arose to a height of perhaps i^' when first 
seen, and increased in length to 2' or more, as the Moon's 
progress revealed it more completely. In shape it some- 
what resembled a Turkish cimeter^ the northern edge 
being convex, and the southern concave. Towards the 
apex it bent suddenly to the south, or upwards, as seen in 
the telescope. . - . To my great astonishniciU, this 
marvellous object continued visible for about five seconds, 
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as nearly as I could judge, after the Sun began to 
reappear." 

249. It has been definitely established that these pro- 
minences belong to the Sun, as those at first visible on 
the eastern side are gradually obscured by the Moon, 
while those on the western are becoming more visible, 
owing to the Moon's motion from west to east over the 
Sun. The height of some of them above the Sun*s surface 
is upwards of 90,000 miles, and occasional uprushcs have 
been watched, to elevations of more than 200,000 miles. 

S50. These red prominences are composed of incan- 
descent hydrogen gas and metallic vapours lying outside 
the photosphere ; and their spectroscopic examination 
indicates that the pressure in the higli prominences is 
small. It indicates also that the matter composing them 
is in exceedingly rapid motion, upward movements up to 
250 miles a second^ having been detected by this means. 



Lesson XIX. — The other Planets coirfpared with the ^ 
Earth. Physical Description of Mars. 

251. We are now in a position to examine the other 
planets of our system, and to brins^ the facts taui^ht us by 
our own to bear upon them. In the case of all the planets 
we have been able to ascertain the facts necessary to 
determine the elements of their revolution round the Sun ; 
that is to say, the time in which the complete circuit round 
the common luminary is accomplished, and the shape and 
position of their orbits with regard to our own. Now, the 
shape of the orbit depends upon the d^ee of its ellipticity 
— ^for all are elliptical — and its position upon the distance 
of the planet from the Sun, and the degree in which the 
plane of each orbit departs from that of our own. When we 
have, in addition to these particulars, the position of the 



(See Art 504^.) 
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the points in which the orbit intersects the plane 
of our orbit — and the position of the perihelion points, 
we have all the materials necessary for calculation or for 
making a diagram of the planet's path. 

21512. Still, however satisfactory our examination of the 
planets has been willi regard to their revolution round the 
Sun, we are compelled to state that when we wish to in- 
quire into their rotations on their axes, the length of their 
days, their seasons, and their physical constitutions, the 
knowledge as yet acquired by means of the telescope is 
far from complete. Thus, of the planets Mercury and 
Venus we have nothing quite certain to tell on these 
matters ; they are both so lost in the Sun's rays, and so 
refulgent in consequence of their nearness to that body, 
that our observation of them, of Mercury especially, has 
been to a great extent baffled. Nevertheless, the ob- 
servations made in the beginning of this century by a 
German astronomer named Schroter have been so far 
confirmed in recent years, that wc may pretty safely 
admit a period of about 25 hours for Mcrcury^s rota- 
tion on his axis. That is, his day is an hour or so 
longer than ours. And the period assigned to Venus of 
2 3h. 2im. is probably still more nearly exact. This has 
been confirmed by the measurement of photographs taken 
during the transit of Venus in 1882, which show that tlic 
fgtn'c of the planet is nearly identical with that of the 
Earth. It is bulged \m!sX to the same extent (see Art. 196}; 
consequently it rotates at just about the same rate. 

a5aa. The same class of facts in the case of Uranus 
and Neptune are equally hard to get at, but for a different 
reason. At our nearest approach to Uranus we are nearly 
1,700,000,000 miles away from that planet; at our nearest 
approach to Neptune we are about 2,700,000,000 miles 
away, and we cannot be surprised that our telescopes 
almost fail us in delicate observations at such distances. 
Still, on the small disk of Uranus some delicate cloud- 
markings have lately been detected, evidently connected 

I 
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with his rotation ; and the reappearances of a bright spot 
seem to give for that rotation a period of about lo hours* 

fi63. With regard however to Mars, Jupiter, and Saturn, 
the planets whose orbits are nearest to our ovrv, our 
information is comparatively full and complete. For 
instance, we can for these planets give the following 
information in addition to that stated in Arts. 139 and 140, 
and Table II. of the Appendix : — 

Length of Dajr. Inclination of 

M. M. 5. Axi& 

Mars ... 24 37 22 ... 24° 52' -o" 
Jupiter . . 9 55 21 . . . 3 40 
Saturn . . 10 14 23 ... 28 10 o 

The first column requires no explanation* We see, 
however, at once that the day in Mars is nearly lequa! to 
our own, while in the large planets, Jupiter and Saturn, it 

is not half so long. Now the revolutions of these planets 

round the Sun are accomplished as follows ; — 

Mars in 686 of our days. 
Jupiter in 4,333 „■ ' 
Saturn in 10,759 „ 

We can therefore easily find the number of days ac- 
cording to the period of rotation of each planet, which 
go to make each planetary year: thus in Saturn^s year 
there are 24,584 Satumian days, or 67 times more days 
than in our own. 

fl54« In the second column the inclination of the 
planets' axes of rotation is given. It will- be recol* 
lected that the inclination of our own is 23}*^, and that it 
is on this inclination that our seasons depend. It will 
be seen at once dierefore that Mars and Saturn are much 
like ihe J*2arth in this respect, and that Jupiter is a planet 
almost without seasons, for the inclination of its axis is 
only 3 ", while that of Venus is 53^ The axis of rotation 
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of Uranus is, so far as can be judged, tilted by about the 
same amount. 

255. As in the cnse of the Earth, we find in many in- 
stances the axis of rotation, or polar diameter, of the other 
planets shorter than the equatorial diameter. The amount 
of polar compression, — that is, the amount of flattening, 
by which the polar diameter is less than the equatorial 
one,— measured in fractions of the latter, is as follows 



Mercury .... 
Venus "» r~T ~; — ? 
Earth 

Mars ? 



Jupiter ^ 

Saturn i 

Uranus ? 

Neptune ? 



From this table we learn that if the equatorial diameter 
of Mercury be taken as 29, the polar one is only 28 : in 
the cases of Jupiter and Saturn, the diameters are as 17 
to 16 and 9 to 8, respectively. In these two last the 
rotation is very rapid (Art 253) ; and this great flattening 
is what we should expect from the reasoning in Art. 196. 

Sfte. We now come to what we can glean of the 
physical structure of the planets as seen in the telescope 
when they are nearest the Earth. Let us begin with iK«ni« 
We give in Plate IX. two sketches, taken in the year 1862. 
Here al once we see that we have something singularly 
like the Earth. The shaded portions represent water, 
the lighter ones land, and the bright spot at the top of 
the drawings is probably snow lying roimd the south pole 
of the planet, which was then visible. 

S67. The two drawings represent the planet as seen in 
an astronomical telescope, which inverts objects so that 
the south pole of the planet is shown at top. The upper 
drawing was made on the 25th of September, the lower 
one on the 23rd. In the upper one a sea is seen on the 
left, stretching down northwards ; while, joined on to it, 
as the Mediterranean is joined on to the Atlantic, is a 
long narrow sea, which widens at its termination. 

I 2 
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In the lower drawin^^ tliis narrow se i is represented 
on the left. The coast-line on the right stran^^cly reminds 
one of the Scandinavian peninsula, and the included 
Baltic Sea. 

ass. It will now be easy to understand how we have 
been able to determine the length of the day and the 
Inclination of the axis. We have only to watch how long 
it takes one of the spots near the equator of each planet 
to pass from one side to the other, and the direction it 
takes, to i^ct at both these facts, 

259. Mars not only has land and water and snow like 
us, but it has clouds and mists, and these have been 
watched at different times. The land is generally reddish 
when the planet's atmosphere is clear ; this is due to the 
absorption of the atmosphere, as is the colour of the 
setting Sun with us. The water appears of a greenish 
tinge. 

d59a. A very curious feature of the surface of Mars 
was detected in 1877, when the planet made one of its 
nearest approaches tp Che Earth. The so-called " con^ 
tinents" were then seen to be divided into innumerable 
islands by a net*work of ''canals/' or long and narrow 
arms of the seas, sometimes running almost in a straight 
line for 3,000 or 4,000 miles. It was on the ^^aine occasion 
ih<it the moons of Mars were discovered by Professor Hall 
at Washins^ton. These two little bodies are quite the 
smallest of known satellites. They have been called 
Deiwos T^wd PlioboSj from a passage in the Jliad^ in which 
Pain and Fear are represented as the attendants of 
Mars. 

fi60. NoW| if we are right in supposing that the bright 
portion surrounding the pole is ice and snow^ we ought 
to see it rapidly decrease in the planet's summer. This is 
actually found to be the casei and the rate at which the 
thaw takes place is one of the most interesting facts to be 
gathered from a close study of the planet. In 1862 this 
decrease was very visible. The sununcr solstice of Mars 
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occurred on the 301 li uf August, and I he snow-zone was 
observed to be smallest on the I ith of Octo})LM-, or forty- 
two of our days after the highest position of the Sun. This 
very rapid melting may be ascribed to the inclination of 
the axis, which is j^reater than ^\ifll us; to the greater 
eccentricity of the planet's orbit ; and to the fact that the 
summer-time of the southern hemisphere occurs when the 
planet is near perihelion. 

ftei. For a reason that will be easily understood when 
we come to deal with the eflfect of the Earth's revolution 
round the Sun on the apparent positions and aspects of 
the planets, we sometimes see the north pole, and some- 
times the south pole of Mars, and sometimes both : when 
either pole only is visible, the features, which appear to 
pass across the planet's disk in about 12 hours — that 
is, half the period of the planet's rotation -clescri])e rur\ cs 
witli the concave side towards the visible pole. When both 
poles are visible they descril^e straight lines, exactly as in 
the case of the Sun (.\rt. 106). These changes enable all 
the surface to be seen at diUerciit times, and maps of 
Mars have been constructed, the exact position of the 
features of the planet beings deiermincd by their latitude 
and longitude, as in the case of the Earth. 

808. But although we see in Mars so many things that 
remind us of our planet, and show us that the extreme 
temperatures of the two planets are not far from equal, 
a distinction must be drawn between them. In conse- 
quence of the great eccentricity of the orbit of Mars, the 
lengths of the various seasons are not so equal u iili us, 
and, owing to the longer } ear, they arc of much greater 
extent. In the northern hemisphere of the planet they 
are as under : — 

Days.' Hrs. 

Spring lasts .... 191 8 

Summer „ . . . . i$i o 

Autumn „ .... 149 8 

Winter „ .... 147 o 
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As we must reverse the seasons for the southern hemi> 
sphere, spring and summer, taken together, are 76 days 
longer in the northem hemisphere dian in the southern. 



Lesson XX. — The other Planets avnpajrd with the 
Earth {conimued). Jupiter : his Belts and Moons, 
Saturn : General Sketch of his System,* 

ii63. Let us now pass on to Jupiter, by far tlic iiugest 
planet in the system, and bright enough sometimes, in 
hpitc of its great distance, to cast a shadow like Venus. 
The first glance at the drawing (Plate X. Fig. i) \\ ill show 
us that we have here something .very unlike Mars ; and 
such is the fact* The planet Jupiter is surrounded by an 
atmosphere so densely kden with clouds, that of the 
actual planet itself we know nothing. 

What are generally known as the belte of Jupiter are 
dusky streaks which cross a bri^liter background in direc- 
tions generally parallel to the planet's equator. And for 
tlic most part, the largest belts are situated on either side 
of it, in exactly the same way as the two Ijcii.^ of Trade- 
Winds on the Karlh lie on either side of the belt of Equa- 
torial Calms and rains. Outbitlc these, again, we get 
representatives of the Cahiis of Cancer and Capricorn, 
although these are not so regularly seen, the portion of 
the planet's surface polewards of the two belts being liable 
to great changes of appearance, sometimes in a very short 
time. The portions of the atmosphere representing the 
terrestrial 'calm-belts sometimes exhibit a beautiful rosy 
tint, the equatorial one especially. 

fl64. The variations of this cloudy atmosphere lend 
gieat variety to the appearance of the planet at different 
times ; the belts are sometimes seen in huge numbers, 
and extend almost to the poles. Besides the belts, some- 

* I'roclor\ *' Satun. and his Sysleni," from wliii h s^nie of the Statements 
concerniDg Saturn ate taken, ma> be con&ulted by the teacher. 
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times bright spotS| sometimes dark ones, are seen, which 
have enabled us to determine the period of the planet's 
rotation, which, as we have seen, is very rapid — so rapid 
that on the equator an observer would be carried round 

at the rate of 467 miles ;i minute, instead uf 17 as on 
the Earth. It is remarkable that spots near the cqu itor 
travel faster than those remote from it, just as they do on 
the Sun, differences of as much as 7.\ minutes having 
been observed in the periods of rotation derived from 
differently situated spots. An enc nnous red spot, for 
instance, 30,000 miles long by nearly 7,000 wide, which 
appeared in 1878, and is still faintly visHble, took about 
5^ minutes longer to complete a rotation than a brilliant 
white spot conspicuous at the same time. This sun-like 
mode of rotation, and other facts, favour the opinion that 
the internal temperature of Jupiter is still very high ; and 
the same conclusion probably holds good for Saturn, 
Uranus, and Neptune. 

aea. Althouidi all astr()iK;mers do not agree that the 
surface oi the planet is never seen, there are many strong 
reasons why it should not be seen. In the first place, 
Mars and the Kartb, whose iitinosplieres are nearly alike, 
have nearly the same densities (Art. 145), while in the 
case of Jupiter and Saturn — ^the belts of which latter 
planet, as far as we can observe them, resemble Jupiter's 
— the density, as calculated on the idea that what we see 
is all planet, is only about one-fifth that of the Earth ; and 
as the density of the Earth is 5) times that of water, it 
follows that the densities of the two planets in question 
are not far off that of water. 

266. Now, if we suppose that the apparent volume 
of Jupiter (and similarly of Saturn; is made up of a large 
shell of cloudy atmosphere and a kernel of ]>l.inet, there 
is no reason why the density of the real Jupiter (and 
of the real Saturn) should vary very much from that of 
the Earth or Mars, and this would save us from the water- 
planet hypothesis. Moreover, a large shell of cloudy 
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atmosphere is precisely what our own planet was most 
probably enveloped in, in one of the early stages of its 
history (Art. 208). 

267. In addition to the changing features of Jupiter 
itself, the telescope reveals to us four moons, which as 
they course along rapidly in their orbits, and as these 
orbits lie nearly in the plane of the planet's orbit, lend a 

great additional interest to 
the picture. In the various 
positions in their orbits the 
satellites sometimes appear 
at a great distance from the 
primary ; sometimes they 
come between us and the 
"I ! J , . „ planet, appearing now as 

Fjg. 25. — Jupiter and his Mooni f • , ^ •, 1 

(general view). bright and now as dark spots 

on its surface. At other 
times they pass between the planet and the Sun, throwing 
their shadows on the planet's disk, and causing, in fact, 
eclipses of the Sun. They also enter into the shadow 
cast by the planet, and are therefore eclipsed themselves ; 
and sometimes they pass behind the planet and are said 
to be occulted. Of these appearances we shall have 
more to say by and by (Lesson XXXVl.). 

268. Referring to the sizes of these moons and their 
distances from the planet, in Table III. of the Appendix, 
it may be here added that, like our Moon, they rotate on 
their axes in the same time as they revolve round Jupiter. 
This has been inferred from the fact that their light varies, 
and that they are always brightest and dullest in the same 
positions with regard to Jupiter and the Sun. 

269. In Plate X. the black spot is the shadow of a satel- 
lite, and the satellite itself is seen to the left ; the passage 
of either a satellite or shadow is called a transit. In a 
solar eclipse, could we observe it from Venus, we should 
see a similar spot sweeping over the Earth's surface. 

270. We now come to Saturn ; and here again, as in 
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the case of Jupiter, we come upon another departure from 
Mars and the Earth. The planet itself, which is belted 
like Jupiter, is surrounded not only by eight moons, but by 
a series of rings, one of which, the inner one, is trans- 
parent ! The belts 
liave been before 
referred to (Art. 
265), they need 
not, therefore, de- 
tain us here ; and 
we may dismiss the 
satellites — as their 
distances from Sa- 
turn, <5v:c., are given 
in Table III. of 
the Appendix — 
with the remark, 

that as the equator of Saturn, unlike that of Jupiter, is 
greatly inclined to the ecliptic, transits, eclipses, and oc- 
cultations of the satellites, the orbits of which for the most 
part lie in the plane of Saturn's equator, happen but rarely. 

271. It is to the rings that most of the interest of this 
planet attaches. We may well imagine how sorely puzzled 
the earlier observers, with their very imperfect telescopes, 
were, by these strange appendages. The planet at first 
was supposed to resemble a vase ; hence the name Aftscr^ 
or handles, given to the rings in certain positions of the 
planet. It was next supposed to consist of three bodies, 
the largest one in the middle. The true nature of the 
rings was discovered by Huyghens in 1655, who announced 
it in this curious form : — 



Fig. 26. — Salurn and his Moons (general view). 
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which letters, transposed, read : — 
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There is nothinijf more encouraging in the history of 
astronomy than the way in which eye and mind have 
bridged over the tremendous gap which separates us from 
this planet. By degrees the fact that the appearance was 
due to a ring was determined; then a separation was 
noticed dividing the ring into two ; further observations 
suggested to the French astronomers Du Sdjour and 
Lalande that the number of rings should be multiplied 
many-fold; the extreme thinness of the ring came out 
next, when Sir William Herschel observed the sateUites 
" like pearls struni,^ on a silver thread." '1 lie niakmc^ out 
of the transparent ring by Dawes and I>ond followed in 
1850; then the transparent ring was discovered to be 
divided as the whole system had once been thought to be ; 
last of all comes evidence that the smaller divisions in the 
various rings are subject to change, and that the ring- 
system itself is probably increasing in breadth, and 
approaching the planet 




Lesson XXI. — The other Planets compaj'ed with the 
Earth {continued). Dimensions of Saturn and his 
Rings. Probable Nature of the Rings. Effects pro- 
duced by the Rings on the Planet. Uranus. Neptune : 
its Discovery. 

The lower figure of Plate X. will give an idea of the 
appearance presented by the planet and its strange and 
beautiful appendage. It will be shown in the sequel 
(Chap. IV.) how we see, sometimes one surface, and some- 
times another, of the ring, and how at other times the 
edge of it is alone visible. 

878. The ring-system is situated in the plane of the 
planet's equator, and its dimensions are as follow : — 
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/ Miles. 

Outside diameter of outer ring , , . . 166,920 

Inside „ 147,670 

Distance from outer to iWer ring . . . 1,680 

Outside diameter of inner ring .... i44i3io 

Inside „ .... 109,100 

Inside „ yaarkring .... 91,780 

Distance from dade ring to planet . . . 9,760 

Kquatorial diam^er of planet .... 72,250 

so that the breadt^ of the three principal rings, and of 
the entire systen^are as follow : — 



Miles. 

Out^ bright ring 9,625 

Iim^r bright ring ^ 7,605 

Dark ring 8,660 

Entire system 37,57o 



and the distance between the two bright rings is 1,680 

miles. 

In spite of this cnonnous breadth, the thickness of the 
rin^^s is n^l supposed to exceed 100 miles. 

SL73. Of what, then, arc these rinc^s composed? There 
is cfreat reason for Ijclieving that llicy are neitlicr solid 
nor liquid ; and the idea now generally accepted is 
that they are composed of myriads of satellites, or little 
bodies, moving independently, each in its own orbit^ round 
the planet ; giving rise to the appearance of a bright ring 
when they are closely packed together, and a very dim 
one when they are most scattered. In this way we may 
account for the varying brightness of the different parts, 
and for the haziness on both sides of the ring near the 
planet (shown in Fig. 26), which is supposed to be due to 
the bodies being drawn out of the ring by the attraction 
of the planet. 

274. Although Saturn appears to resemble Jupiter in 
its atmorspheric conditions, unlike that planet, and like our 
own Earth, its year, owing to the great inclination of its 
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axiS| is sharply divided into seasons, which however are 
here indicated by something else than a change of tem- 
perature ; we refer to the effects produced by the presence 
of the strange ring appendage. To understand these 
effects^ its appearance from the body of the planet must 
first be considered. As the plane of the ring lies in the 
plane of the planet's equator, an observer at the equator 
will only see its thickness, and the ring therefore will 
put on the appearance of a band of li^ht passing through 
the ca;,L cUkI west points and the zenith. As the observer, 
however, increases his latitude either north or south, the 
surface of tlie ring-system will begin to be seen, and it will 
gradually widen, as in fact tlic observer wiil be able to look 
down upon it ; but as it increases in width it will also 
increase its distance from the zenith, until in lat. 63^ it is 
lost below the horizon, and between this latitude and the 
poles it is altogether invisible. 

275. Now the plane of the ring always remains parallel 
to itself, and twice in Saturn's year — ^that is, in two opposite 
points of the planet's orbit— it passes through the Sun. 
It follows, therefore, that during one half of the revolution 
of the planet one surface of the rings is lit up, and during 
the remaining period the other surface. At night, there- 
fore, in one case, the ring-system will be seen as an illumin- 
ated arch, with the shadow of the planet passing over it, 
hke the hour-hand over a dial ; and in the other, if it be 
not lit up by the light reflected from the planet, its posi- 
tion will only be indicated by the entire absence of stars. 
/ 276. But if the rings eclipse the stars at night, they can 
. .* also eclipse the Sun by day. In latitud^'40'' there occur 
\ in Saturn morning and evening eclipsc^s for more than a 
■* year, gradually extending until the Su]i^is eclipsed during 
N.the whole day — ^that is, when its apparent path Ues entirely 
in the region covered by the ring ; 9^d these total eclipses 
continue for nearly seven years : >6clipses of one kind or 
\^ another taking place for 8 years 3^2 days. This will g^ve 
^ us an idea how laigely the apparent phenomena of the 
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heavensy' and the actual conditions as to cUmates and 
seasons, are. influenced by tbe presence of the ring. 

As the year of Saturn is as long as thirty of ours, it 
follows that each surface of the rings is in turn deprived 
of the light of the Sun for fifteen years. 

a77. We have now finished with the planets known to 
the ancients : the remaining ones, Uranus and Neptune^ 
have been discovered in modern times— the former in 
1781, by Sir Wm. Herschel, and the latter in 1846, inde- 
pendently, by Professor Adams and M. Leverrier. 

5178. Both these planets are situated at such enonnoiis 
distances from the Sun, and therefore from us, that 
Uranus is scarcely, and Neptune not at all, visible to the 
naked eye. Owing to this remoteness, nothing is known 
of their physical peculiarities. We have already stated^ 
however, that the motion of the satellites of Uranus, as 
well as of the solitary moon of Neptune, is in the opposite 
direction to that of all the other planetary members of the 
system. 

•7©. The discovery of the planet Neptune is one of the 

most astonishing^ facts in the history of Astronomy. As 
we shall sec in tlie sequel, every body in our system 
affects the motions of every other body ; and after Uranus 
had been discovered some time, it was found, that, on 
taknig all the known causes into account, there was still 
something affecting its motion ; it was su^rgestcd that this 
something was another planet, more distant from the Sun 
than Uranus itself. And the question was, where was this 
planet, if it existed? 

When we come to consider the problem in all its 
grandeur, we need not be surprised that two minds, who 
felt themselves competent to solve it, should have inde- 
pendently undertaken it. As far back as July 1S4I1 we 
find Mr. Adams determined to investigate the irregularities 
of Uranus: early in September 1846, the new planet 
had fairly been grappIecL We find Sir John Herschel 
remarking, " We see it as Columbus saw America from 
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llie shores of Spain. Its movements have l)ccn felt 
trenibiin^^ alon^^ the far-rc:i( liin^_( line of our analysis with 
a certainty hardly inferior to ocular demonstration," 

On the 29th July, 1846, the large telescope of the Cam- 
bridge Observatory was first employed to search for the 
planet in the place assigned to it by Professor Adams's 
calculations. M, Leverrier, in September, wrote to the 
Berlin observers, stating the place where his calcula- 
tion led him to believe it would be found : his theoretical 
place and Professor Adams's being not a degree apart. 
At Berlin, thanks to their star-map^, which had not yet 
been published, Dr. Galle found the planet the same 
evening, very near the position assigned to it by both 
Astronomers. 



Lesson XXIL— TJ^^ Asteroids, or Minor Planets. 

Bod^s Law, Size of the Minor Planets : their Orbits : 

hoiu I hey are observed. 

flSO. If we write down — 

o 3 6 12 24 48 96 

and add 4 to each, we get 

4 7 ID 16 28 52 100 

and this series of nurnlKis represents very nearly the 
distances of the ancient planets from the Sun, as fol- 
lows : — 

Mercury, Venus, Earth, Mars, — , Jupiter, Saturn* 

This singular connexion was discovered by Titius, and is 
known by the name of Bode's Law. We see that the 
fifth term has apparently no representative among the 
planets. Although ignorant of the existence^ of any such 
relation between the distances of the planets, Kepler 
boldly attempted to bridge the gap between Mars and 
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Jupiter by inventing an unknown body to revolve ihtre* 
Up to the time of the discovery of Uranus the undetected 
planet did not reveal itself : when it was found, however, 
that the actual posTtion of Uranus was very well repre- 
sented by the next term of the series, 196, it was deter- 
mined to make an organized search for it, and for this 
purpose a society of astronomers was formed ; the zodiac 
was divided into 24 zones, each zone being confided to a 
member of the society. On the first day of the present 
century a planet was discovered and named Cere«, which, 
curiously enough, filled up the gap. But the discovery of 
a second, third, and fourth, named respectively KUas, 
Juno, and Vesta, soon followed, and up to the present 
time (February 1889) no less than 284 - of these little 
bodies have been detected. A list of them, with their 
symbols, will be found in the Appendix, Table I. 

Ml. None of these planets, except occasionally Ceres 
and Vesta, can be seen by the naked eye ; and this brings 
us at once to their chief characteristic — the largest minor 
planet is but 320 miles in diameter, and many of the 
smaller ones are less than 20. In fact, the whole of the 
268 now known rolled into one would form a planet 
scarcely the size of our earth. 

ftSfl. The orbits of those hitherto discovered, for the 
most part, lie nearer to Mars than Jupiter, and the orbits 
in some cases are so elliptical, tJjat if we tal<.e the extreme 
distances into account, they occupy a zone 290,000,000 
miles in width - the disjilhce between Mars and Jupiter 
being 341,000,000. ,The planet nearest the Sun is @ 
Hcdnaa, whose jourfiey round the Sun is performed in 3 
years 43 days at 'a mean distance of 198,000,000 miles ; 
the most distaofi^one is @ Hilda, whose year is nearly as 
long as 8 of ours, and whose mean distance is 367,400,000 
miles. 

283. Not only do some of the orbits approach those 
of comets in the degree of eccentricity, but they resemble 

K 
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them in another matter — their great inclination to the 
echptic. The orbit of 0 Palianj for instance, is inclined 




Fig. 27.— Star Map, showing the path of a Minor Planet. 



34*^ to the plane of the ecliptic ; while 0 MassUia is 
inclined but a few minutes of arc. 
£64.. The minor planets lately discovered shine as stars 
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of the tenth or elevenih ma^mitiide, and the only way in 
which they can be detected, therefore, is to compare the 
star-charts of different parts of the heavens with the 
heavens themselves, night after ni jlu. .Should any point 
of light be observed not marked on the chart, it is imme- 
diately watched^ and if any motion is detected, the amount 
and direction are determined. Some idea of the diligence 
and patience required for this branch of observation may 
be gathered from Fig. 27, which is the reduction of a part 
of one of M. Chacomac's ecliptic charts. The faint 
diagonal line shows the path of a minor planet across 
that portion of the heavens represented. 

S85. With regard to the cause for the existence of these 
little bodies, it was long ago suggested that they may be 
fragments of a larger planet destroyed by contact with 
some other celestial body. A closer investigation of tlic 
character and distribution of their orbits has, however, of 
late thrown much doubt on this view Vet the remark of 
D'Arrest should not be lost sight of : ^* One fact," he says, 
'^appears, above all, to confirm the idea of an intimate 
relation between all the minor planets : it is, that if their 
orbits are figured under the form of material rings, these 
rings will be found so entangled that it would be possible^ 
by means of one among them, taken at liazard, to lift up 
all the rest" . 

ft86« 0 Pallas has been supposed, from its hazy ap- 
pearancoi to be surrounded by a dense atmosphere, and 
this may also be the case with the others, as their colours 

are not the same. There are also evidences that some 
amoiiL,^ them ruULc on liicir axes like the hugci planets. 



^^omets, Head^ Tail^ Coma^ Nucleus^ J^ts^ Envelopes. 
Their probable Number and Physical Constitulion. 

S187. We have seen that round the white-hot Sun cold 
or cooling solid bodies, called planets, revolve ; that bc- 




XXIII.— G7iw^/j ; their Orbits. 
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cause they rire cold they do not shine by their own light ; 
that they perform their journeys in almost the same plane ; 
that the shape of their orbit is oval or elliptical ; and that 
they all move in one direction,— that is, from west to east 

But these are not the only bodies which revolve round 
the Sun. In addition to them there are bodies called 
coiiwta, consisting of clouds of stones or meteorites^ 
which do shine by their own light in consequence of colli- 
sions between the stones. These perform their journeys 
round the Sun in every plane, in orbits which in some 
cases are so elongated that they can scarcely be called 
elliptical, and — a further point of difference — while some 
revolve round the Sun in the same direction as the 
planeis, oLlieis revolve from east to west. 

&88. The orbit of a comet is generally best represented 
by what is called a parabola; that is, an infinitely lon«^ 
ellipse, which latter, hke a circle, is a closed curve — whereas 
the parabola may be regarded as an open one (Chap. IX.). 
In the case of a comet whose whole orbit has been watched, 
we know that the orbit is elliptical. In the case of those 
with parabolic orbits, we know not whence they come 
or whither they are going, and therefore we cannot say 
whether they wiU return or not. There are some comets 
whose return may be depended upon and calculated with 
certainty. Here is a list of some of them : — 



Comet. 



rime of 
Rev lu- 
tion. 



Nearest 
Approach 
t > the 
Sun. 



Greatest 
Distance.-^ 
froip the 



Next 
Return. 



Sun. 



I Tempel's II ... 
Winnecke*« 
Brorscn's 



Encke's . 



33,ooo>coo 

I25iOOO,OCO 

72,So6^ooo 

57,500,000 
99,500 000 
1640 0 0,000 
109,000,000 
157,000,000 
^6,ooo|Ooo 
54,500 000 



381,000,000 
433.000,000 
511,000,000 
5?6.oo3,ooo 
478,000,0.0 
448,000,000 



1888 
1889 
t8^a 
t8$o 
1891 
189X 
1890 
2888 
189? 
1913 



Swift's ... 



Tempel's I ... 
]-)' Arrest's ... 
Faye's •.. «.. 

Tuttle's 

Halley's 




6 



532,000.000 
550,000,000 

3. 251. 000,000 
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We may add the comet known as Biela's, with a period 
of 6i years, but which, there is reason to believe, has 
ceased to exist as a comet. (See Art. 297). 

1289. These are called short-period comets. Cf the 
longr-period comets we may instance the comets of 1858, 
181 1, and 1844, the times of revolution of which have 
been estimated at 2,100, 3,000, and 100,000 years re- 
spectively. 

2290. From the table that we have given it will be seen 
how the distance of these erratic bodies from the Sun 
varies in different points of the orbit. Thus Encke's 
comet is ten times nearer the Sun in perihelion than at 
aphelion. Some comets, 
whose aphelia lie far be- 
yond the orbit of Neptune, 
approach so close to the 
Sun as almost to graze its 
surface. Sir Isaac Newton 
estimated that the comet of 
1680 approached so near 
the Sun that its tempera- 
ture was 2,000 times that of 
red-hot iron ; at the nearest 
approach it was but one- 
sixth part of the sun's dia- 
meter from the surface. 
The comets of 1843 and 
1882 also approached very 
close to the Sun, and both 
were visible in broad day- 
light. 

291. We next come to 
what a comet is like. In 
Fig. 28 we give a repre- 
sentation of Donatl's comet, visible in 1858, which will 
make a general description clear. The brighter part 




Fig. 28.— Donati's Comet (general 
view). 
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of the comet is called the head, or coma, and some- 
times the head contains a brighter portion still, called 
the nucleus. The tail is the dimmer part flowing from 
the head, and, as observed in different comets, it may 
be long or short, straight or curved, single, double, 
or multiple. The comet of 1744 bad six tails, that of 
1823 two. In some comets the tail is entirely absent. 
]>oth head and tail are so transparent that all but the 
faintest stars are easily seen through them. In 1858 the 
bright star Arcturus was seen through the tail of Donati's 
comet at a place where the tail was 90,000 miles in 
diameter. 

292. In olden times, when less was known about comets, 
they caused great alarm ^ — not merely superstitious terror, 
which connected their coming- with the downfall of a kingr 
or the outbreak of a plague, but a real fear that they would 
dash this little planet to pieces should they come into 
contact with it. Modern science teaches us that in the 
great majority of instances the mass of the comet is sa 
small that we need not be alarmed ; indeed, there is good 
reason to believe that on June 30, i85i, we did actually 
pass through the tail of the glorious comet which then 
became so suddenly visible to us. There is another fact 
too which teaches us the same thing. In 1779 ^ comet 
approached so close to Jupiter that it may actually liave 
got entangled among the satellites of that planet, but the 
satellites all the time pursued their courses as if the comet 
had never existed. This, however, was by no means 
the case with the comet ; it was thrown entirely out 
of its course, and has changed its orbit from one 
bringing it back to the Sun every 5^ years to one in 
which it has never since been visible to terrestrial 
observers. 

a03. The number of comets recorded from the earliest 
times, beginning with the Chinese annals, to our own, is 
nearly 900, but the number observed at present is much 
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greater than formerly, as many telescopic ones are now 
recorded, whereas the old chronicles tell us only of those 
in bygone times which were brilliant enough to attract 
general attention, and to give rise to the most gloomy 
forebodings^ It is worthy of remark that in the year of 
the Norman invasion, 1066, a fine comet with three 
tails appeared, which in the Norman chronicle is given 
as evidence of William's divine right to invade this 
country. 

It has been estimated that there may be many 
millions of comets belonging to our system, and perhaps 
passing between this and other systems. We see but few 
of them, because those only are visible to us which are 
well placed for observation when they pass the Earth in 
their journey to or from perihelion, while there may be 
thousands which at their nearest approach to the Sun are 
beyond the orbit of Neptune. 

894. We have already stated that these bodies con- 
sist of clouds of meteorites. Now, when they are far away 
from the Sun, tbe collisions are few, and their light is 
dim, and we observe them in our telescopes as round misty 
bodies, moving very slowly^ say a few yards In a second, 
in the depths of space* Gradually, as the comet approaches 
the Sun, and the collisions increase (for, as we shall see 
in Chap. IX., the nearer any body, be it planet or comet, 
gets to the Sun, the faster it travels), the Sun's action 
begins to be felt, the comet gets hotter and becomes visible 
to the naked eye. A violent action commences ; jets of 
meteoric vapours burst forth from the coma towards the 
Sun, and are instantly driven back agam. The jets rapidly 
change their position and direction, and a tail is formed 
consisting of the finer particles resulting from collisions, and 
rendered visible in part by Sunlight, in part by their own 
incandescence. The tail-forming materials are most likely 
driven from the Sun by electrical repulsion. The variety in 
the forms of these appendages is now thought to be caused 
by differences in chemical constitution. The lightest and 
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smallest particles, because driven away the quickest, pro- 
duce the straightest tails. The long rigid-looking rays 

which issued from Donati's 
comet, were, according to 
this view, made up of hy- 
drogen particles, while its 
curved plume was com- 
posed of carbon. Other 
comets have thrown out 
short strangely-bent tails, 
possibly due to vapour of 
iron. These are the three 
types or classes, into which 
comets' tails have been 
divided by Bredichin. 

294-a. The tail is always 
turned away from the Sun, 
whether the comet be ap- 
proaching or receding from 
that body. As the comet 
still gets nearer the Sun 
and therefore the Earth, we 

Fig. 29.-Donati s Comet (showing ^^S^^ ^ee in SOme in- 
Head and Envelopes). Stances that the coma or 

head contains a kernel or 
fjuc/etis J which is brighter than iht coma itself, the jets are 
distinctly visible, and sometimes the coma consists of a 
series of envelopes. In the beautiful comet of 1858 we 
saw what this meant : the nucleus was continually throw- 
ing off these envelopes or shells which surrounded it like 
the layers of an onion, and peeled off, and these layers 
expanded outwards, giving place to others. Seven dis- 
tinct envelopes were thus seen : as they were driven off, 
they seemed expelled into the tail. Here we have a 
reason why the tails of comets should, as a rule, increase 
so rapidly as they approach the Sun, which gives rise to 
all this violent action : — the tail of the comet of 1861 was 
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20,000,000 miles in length, but this length has been 
exceeded in many cases, notably by the tail of the comet 
of 1845, which was 112,000,000 long, the diameter of the 
coma being 1 12,000 miles, that of the nucleus 400 mile& 

We have said as a rule^ because Halley's comet, as 
observed by Sir John Herschel, and Encke's comet, 
furnish us with exceptions. As these comets approached 
the Sun, both tail and coma decreased, and the whole 
comet appeared only like a star. Still for all that, in the 
majority of instances, comets increase in brilliancy, and 
their tails lengthen as they near the Sun, so much so that 
in some instances they have been visible in broad day- 
light. The enormous cfTectof a near approach to the Sun 
may be gathered from the fact that the comet of 1680 at 
its perihelion passage, while it was travelling at the rate 
of 1,200,000 miles an hour, in two days shot out a tail 
20,000,000 leagues long. 

895. Since the tail indicates the waste, so to speak, of 
the head, each return to the Sun must reduce the mass of 
the comet. A induction of speed would, moreover, in 
time be enough to reduce the most refractory comet into 
a quiet member of the solar family, as the orbit would 
become Ic^s elliptical, or more circular, at each return to 
perihelion. 'J'his effect has, in fact, been observed in 
some of the short-period comets. Encke's comet, for 
instance, now performs its revolution round the Sun in 
thr I'l; days less than it did eighty years ago. It has been 
affirmed that this eflect is due to the friction offered by an 
ethereal medium increasing m density towards the Sun— 
an effect we do not perceive in the case of the planets, 
their mass being so much larger — as the resistance of the 
air stops the flight of a feather sooner than it does that of 
a stone. Sir Isaac Newton has calculated that a cubic 
inch of air at the Earth's surface — ^that is, as much as is 
contained in a good-sized pill-box — if reduced to the 
density of the air 4,000 miles above the surface, would be 
sufficient to fill a sphere the circumference of which would 
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be as large as the orbit of Neptune. The tail of the 
largest comet, if it be gas, may therefore weigh but a few 
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ounces or pounds; and the same argument maybe applied 
to the comer itself, if it be not solid. We can understand, 
then, that with such a small supply there is not much 
room for waste, and with such a small mass the resistance 
offered to it may easily become noticeable. This resist- 
ance is in all probability due to the interference caused 
by meteorites met by the comet during its journey. 

fi96. The spectroscopic study of comets proves that 
their light is partly original, partly that of the Sun re- 
flected. Allowing for the difference of observing con- 
ditions, the changes which take place in the spectrum of 
a comet as it passes from aphelion to perihelion are 
exactly similar to those which take place during the con- 
densation of a nebulous swarm of meteorites. When 
the comet is farthest from the sun, its spectrum is that of 
a planetary nebula. As it approaches the sun, the radia- 
tion of carbon is added, and later, that of manganese, 
lead, and iron. When near perihehon, absorption flutings 
and lines appear. 

297. BieLVs comet, mentioned in Art. 288, divided itself 
into two portions, each separate portion afterwards pursu- 
ing distinct but similar orbits. It was first noticed as double 
December 29, 1845, and the twin comets returned to- 
gether to perihelion in 1852, but have never since been 
seen. Yet they ought to have been easily visible when 
due back again at the Sun in the end of January 1866, as 
the practically identical track pursued by both intersects 
the orbit of the Earth at the place occupied by our planet 
on the 30th of November. The lost comet was, however, 
strangely replaced by the two brilliant meteoric showers 
which broke upon the Eai th as it passed the node of the 
comet's orbit, November 27, 1872, and November 27, 
1885. These were products of the disintegration of the 
vanished comet, and may be reg-articci as a positive proof 
of the meteoric constitution of comets. 

297a. Biela's is probably not the only comet which has 
broken up into two or more distinct bodies of the same 
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kind in the course of its travels round the Sun. A "double 
comet" was observed in Brazil in i860; and several 
examples have lately occurred of comets revolving in the 
same orbit, yet certainly not simply returns of the same 
body. Thus ^^Tebbutfs comet,'* which passed the Sun 
June i6| 1 881, at a distance of 68,000,000 miles, was 
found to move in the track of a comet observed in 1807, 
and not again due at perihelion until the year 3346 a.d. 
The irresistible conclusion is that one original comet 
split, like Biela's, into two, the fragments following each 
other along an identical path, while becoming separated 
(as must inevitably happen) by an ever-growing dibtance. 
Even more surprising was the discovery of a similar 
relation between ilwce great comets — those which ap- 
peared in 1843, 1880, and 1882. All of them passed so 
exceedingly near the Sun as almost to graze its surface ; 
and reliable calculations show them to retire to so vast a 
distance that 700 or 800 years must elapse before they 
again successively revisit the solar neighbourhood. A 



Lesson XXIV. — Luminous Meteors, Shooting Stars^ 
November Showers, Radiant PoiiUs* 

S98. There are very few nights in the year in which, if 
we watch for some time, we. shall not see one of those 
appearances which are called^ according to their brilliancy, 
meteors, bolides, or fidliiiir or shooting: stars. On some 
nights we may even see a shower of falling stars, and the 
shower in certain years is so dense that in some places the 
number seen at once equals the apparent number of the 
fixed stars seen at a glance ; * indeed^ it has been calculated 
that the average number of meteors which traverse the 
atmosphere daily, and which are large enough to be visible 
to the naked eye on a dark clear night, is no less than 
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20^000,000 ; and if we include meteors which would be 
visible in a telescope^ this number will have to be increased 
to 4oo,ooo,ocx) ! so that, in the meani in each volume as 
large as the Earth, of the space which the Earth traverses 

in its orbit about the Sun, there are as many as 30,000 
small bodies, each body such as would furnish a shooting 
star, visible under favourable circumstances to the naked 
eye. If telescopic meteors be counted, this number 
should be increased at least forty-fold. 

&99. It is now generally held that these little Ijodie.s 
are not scattered uniformly in the space comprised by the 
Solar System, but are collected into distinct swarms or 
gronpSi which travel as comets travel — indeed, as we have 
seen, in the closest connexion with comets — in elliptic 
orbits round the Sun ; and that what we call a shower of 
meteors is due to the Earth breaking through one of these 
groups. Two of the best defined of them are encountered 
in August and November in each year. The exquisitely 
beautiful star-shower which was witnessed during the 
year 1866 has placed the truth of this explanation beyond 
all doubt. Let us consider how the appearances observed 
are connected with the theory, and what the theory 
actually is in its details. 

300. Here again we must fall back upon our imaginary 
ocean (Art. 105) to represent the plane of the ecliptic. 
Let us further suppose that the Earth's path is marked 
out by buoys placed at every degree of longitude, be- 
ginning from the place occupied by the Earth at the 
autumnal equinox, and numbered from right to left from 
that point. Now if it were possible to buoy space in this 
way, we should see the November group of meteors rising 
from the plane at the point occupied by our Earth on 
Nov. 14th. 

301. But why do we not have star-showers every 

November? Because the principal mass of the meteors 
occupies only a pan of its orbit, the extent of the mass 
being so far restricted that it requires only two or three 
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years to cross the plane of the ecliptic. To get a star- 
/shower we must not only go through the orbit, but through 
Ithat exact part of it where the mass is collected. Hence 

we do not go through the group every year, because the 

mass of little bodies performs its revolution like a comet, 

in 33J years, 

/* 80fi. Now what will happen when the Earth, sailing 
along in its path, reaches the node and encounters the 
mass of meteoric dust, the particles of which travel, as is 
known (see Art. 308) in the opposite direction to that of 

the Earth? 

303. Let us in imagination connect the Earth and Sun 
by a straight line : at any moment the direction of the 
Earth's motion will be very nearly at right angles to that 
line (or, as it is calietl, a tangent to its orbit) : therefore, 
as longitudes are reckoned, as we have seen, from right 
to left, the motion will be directed to a point 90° of longi- 
tude behind, or to the right of the Sun. The Sun's longi- 
tude at noon on the 14th November, 1866, was 233® 
within a few minutes ; 90° from this gives us 142^ 

SM. Since therefore the meteors, as we meet them in 
our journey, should seem to come from the point of space 
towards which the Earth is travelling, and not from any 
side street as it were, we ought to see them coming from 
a point situated in longitude 142^, or thercabuuti. Now 
what was actually seen ? 

305. One of the mubt salient facts, nuticed by those 
even who did not see the significance of it, was that all 
the meteors seen in the late display really did seem to 
come from one part of the sky. In fact, there was a 
region in which the meteors appeared trainless, and shone 
out for a moment like so many stars, because they were 
directly approaching us. Near this spot they were so 
numerous, and all so foreshortened, and for the most part 
faint, that the sky at times put on almost a phosphorescent 
appearance. As the eye travelled from this region, the 
trains became longer, those being longest as a rule which 
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first made their appearance overhead^ or which trended 
westward. Now, if the paths of all had been projected 
backwards, they would have all intersected in one region,, 
and that region the one in which the most foreshortened 
ones were seen. So decidedly did this fact come out, 
that there were moments in which the meteors belted the 
sky Hke the meridians on a terrestrial globe, the pole of 
1 the globe being represented by a point in the constellation 
■ Leo. In fact, they all seemed to radiate from that point, 
' and radiant-point is precisely the name given to it by 
* astronomers. Now the longitude of this point is 142^^ or 
I thereabout ! 

1 306. The apparent radiation from this point is an 
\ effect of perspective, and hence we gather that the paths 
\ of the meteors are parallel, or nearly so, and that the 

\ meteors themselves are all travelling in straight lines from 

) that point. 

j\ ao7« Here, then, is proof positive enough that the 
^ jmeteoric ha*l was fairly directed against, and as fairly met 
iby, the Earth. Now here another «et of considerations 

comes in. Suppose, for instance, wc were situated in the 
' ; radiant point, and could see exactly the countries which 
occupied the hemisphere of our planet facing the meteors, 
at the moments onr planet entered the shower, when it 
was in its midst, and when it emerged again. In con- 
sequence of the Earth's rotation, and as the shower can 
of course only fall on the hemisphere of the Earth most 
forward at the time, the places at which the shower is 
. centra], rising, and setting, so to speak, will be constantly 
varying. In £ict, each spectator is carried round by the 
Earth's rotation, and enters about midnight the front 
j hemisphere of the Earth — ^the one which is exposed to' the 
I meteoric hail. We know, therefore, again to take ati 
I instance from the last display, that as the shower did not 
last long into the morning, the time of maximum for the 
whole Earth was certainly not later than that observed at 
Greenwich ; but we do not know that it was not con- 
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siderably earlier. Had the actual number of meteors 
encountered by the Earth remained the same the ap- 
parent number would have increased from midnight 
to 6 A.M. ; ad at 6 we should have been nearly in 

the middle of the front side of the Earth on which they 
would be showering. 

ao8. By careful observations of the radiant-point it 
has been determined that the orbit of each member of the 
November star-shower, and therefore of the whole mass, 
is an ellipse with its perihelion lying on the Earth's orbit, 
and its aphelion point lying just beyond the orbit of 
Uranus ; that its inclination to the plane of the ecliptic is 
17° ; and that the direction of the motion of the meteors 
is retrograde. 

809fr Up to the present time several hundred such 
radiant^pointSy which possibly indicate several hundred 
other similar groups moving round the Sun in cometaiy 
or planetary orbits, have been determined. The meteors 

of particular showers vary in their distinctive characters, 
some being larger and brighter than others, sonic winter, 
some more ruddy tlian others, some su iUer, and drawing 
after them more persistent trains than those of other 
showers. 



Lesson XXV.— Luminous Meteors (continued). Cause 
of the Phefumena of Meteors. Orlnts of Shooting 
Stars. Detonating Meteor e. Meteorites: their 
Classification, Falls. Chemical and Physical Con-- 

stiiuiion, 

310. Now let us take the case of a single meteor entering 
our atmosphere. Why do we get such a brilliant appear- 
ance? in the lirsL place, we have the Karth travelling at 
the rate of 1,000 miles a minute, plunging into a mass 
of bodies whose velocity is at first equal to its own, and 
is then increased to 1^200 miles a minute the Earth's 
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attraction. The particle then enters our atmosphere at 
the rate of 30 miles a second ; its motion is arrested by 
the friction of that atmosphere, which puts a hrmk an ii^ 
and as the wheel of a tender gets hot under the same cir* 
cttmstancesi and as a cannon*baU gets hot when the 
target impedes its further flight, so does the meteoric 
particle get hot. So hot does it get that, at last, as great 
heat is always accompanied by light, we see it ; it be- 
comes vaporized, and leaves a train of iumiiiuus vapour 
behind it. 

311. It would seem that all the particles which compose 
the November shower are small : it has been estimated 
that some of them weigh but two grains. They begin to 
bum at a height of 74 miles, and are burnt up and dis- 
appear at a height of 54 miles ; the average length of 
their visible paths being 43 miles. It is supposed that the 
November-sbower meteors are composed of more easily 
destructible or of more inflammable materials thsm 
aitolitic bodies. 

aift. Wliat has been said about the appearance of the 
November meteors applies to the other star-showers, 
notably to the August and April ones, the meteors of 
which also travel round the Sun in cometary orbits. And 
this brings us to one of the most surprising discoveries of 
modern times — a discovery for which our consideration of 
the fate of Biela's comet has in some degree prepared us. 
It has been ascertained that four well-known comets follow 
each an identical track with a meteor-stream ; and the 
number of probable or suspected similar coincidences now 
amounts to 76. The August meteors (called " Perseids** 
from the situation of their radiant-point in the constellation 
Perseus) were the first to have a comet— the bright one of 
1 862^tltus associated with them. Temple's comet of 1 866, 
the comet 1861 I., and Biela's were immediately after- 
wards found to pursue tracks undistinguishable respectively 
from those belongi ng to the 'Leonids (N ovembermeteors), 
the ^Lyraids'' (April meteors), and the Andromedes'' 

L 2 
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(Biela meteors). We must therefore come to the con- 
clusion that the meteor-swarms composing comets are 
nothing more than denser aggregations in streams of 
meteorites which revolve in orbits round the sun. 

313. In the case of the November and August meteors 
and shooting- stars generally, the mass is so small that it 
is entirely changed into vapour and disappears without 
noise. There are other classes of meteoric bodies, how- 
ever, with much more striking effects. At times meteors 
of great brilliancy are heard to explode with great noise ; 




Pio. 3z.^Fue-balI, a$ otkserved in a telescope. 



these are called detoaatlnfr mteors. On No\ . 1 5, 1859, 
a meteor of this class passed over New Jersey ; it was 
visible in the full sunlight, and was followed by a series of 
terrific explosions, which were compared to the discharge 
of a thousand cannons * Other meteors are so large that 
they reach the Earth before complete vaporization takes 
place, and we then get what is called a fall of meteoric 
irons, or meteoric stones^ often accompanied by loud 
explosions. 

314. Meteorites is the name given to those masses 
which, owing to their size, resist the action of the atmo- 
sphere, and actually complete their fall to the Earth. 
They are divided into atSroutes, or meteoric stamss 

* Piofessor Loomis. 
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aerosiderlteSj or meteoric uon; and aerosideroiites, 
which includes the intervening varieties. 

315. We do not know whether these meteors wliich 
occasionally appear, and which are therefore called 
sporadic meteora — a term which includes meteors com- 
monly so called, bolides^ stonefalls, and ironfalls — belong 
to groups cometic or otherwise, although, like the falling 
stars, they affect particular dates j but, as they are inde- 
pendent of geographical position, it has been imagined 
that there may be some astronomical and perhaps a 
physical difference between them and the ordinary idling 
or shooting stars. 

316. Among the largest aerolitic falls of modem times 
we may mention the following. On April 26th, 1803, at 
2 P.M. a violent explosion was heard at L'Aigle (in Nor- 
mandy) ; and at a dibt.uice of eighty miles round, a few 
minutes before the explosion was heard, a luminous meteor 
with a very rapid motion appeared in the air. Two thou- 
sand stones fell, so hot as to burn the hands when touched, 
and one person was wounded by a stone upon the arm. 
The shower extended over an area nine miles long and 
six miles wide, close to one extremity of which the largest 
of the stones was found. A similar shower of stones fell 
at Stannem, between Vienna and Prague, on the 22nd of 
May, 1 81 2, when 200 stones fell upon an area eight miles 
long by four miles wide. The largest stones in this case 
were founds as beforei near the northern extremity of 
the ellipse. A third stonefall occurred at Oigueil, in the 
south of France, on the evening of the 14th of May, 1864. 
The area in which the stones were scattered was eighteen 
miles long by five miles wide, and the luminous effects of 
their fall were visible from Paris to the Pyrenees. At 
Knyahinya, in Hungary, on the 9th of June, 1866, a 
luminous meteor was seen, and an aerolite weighing six 
hundredweight, and nearly one thousand lesser stoiies, fell 
on an area measuring ten miles in length by four miles wide. 
The large mass was found, as ia the other cases, at uue 
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extremity of the o\ al area ; the fall was followed by a loud 
explosion, and a smoky streak was visible in the sky for 
nearly half an hour.* 

317. A chemical examination of ll^esc fra;mTents (a 
magnificent collection of which is to be seen in the British 
Museum) shows that, although in their composition they 
are unlike any other natural product, their elements are 
all known to us, and that they are all built tip of the same 
materials, although in each variety some particular element 
may predominate In the main, they are composed of 
metallic iron and various compounds of silica, the iron 
fonning as much as 95 per cent, in some cases, and only 
I per cent, in others ; hence the three classifications re- 
ferred to in Art. 314. The iron is always associated with 
a certain quantity of nickel, and sometimes with man- 
ganese cobalt, copper, tin, and chromium. Among the 
silicates may be mentioned olivine, a mineral found 
abundantly in volcanic rocks, nnd augite. 

318. Besides these substances, a compound of iron, 
phosphorus, and nickel, called schreibersite, is generally 
found : this compound is unknown in terrestrial chemistry. 
Carbon has also been detected. 

319. The substances found in meteorites up to the 
present time are as follows : — 

Aerasiderites, — Nickel-iron, coppei^ manganese. Troi- 
lite B Ferrous sulphide. Graphite. ' Schreibersite » iron 

and nickel phosphide. Daubrdeite = iron and chromium 

bulpliide. 

Aerosidcroh'fes. — (a) Non-carbonaceous ... Olivine = 
silicate of magnesium and iron. Enstatite = Silicate of 
magnesium. Nickel-iron, manganese. Troilite. Chro- 
mite =^ iron and chromium oxides. Augite = silicate of 

* Professor HerscheL 
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calcium, magnesium, iron and manganic. Silicate of 
calcium, sodium, and aluminium. 

(P) Carbonaceous ... Carbon in combination with hy- 
drogen and oxygen* Sulphates of magnesium, calcium, 
sodium and potassium. 



usually occluded in these bodies, and escape from them 
on the application of heat 
The first substances volatilised out of the meteorites 

constituting celestial t>odies (See Art. 65) by the heat 

due to collisions, arc magnesium, manganese, iron and 
sodium, that is, the constituents which are volatilised at 
the lowest temperatures. 

320. Thinking that, unlike terrestrial rocks, meteorites 
are probably portions of cosmical matter which has not 
been acted on by water or volcanic heat, Mr. Sorby was 
led to study their microscopical structure. He has thus 
been able to ascertain that the material was at one time 
certainly in a state of fusion ; and that the most remote 
condition of which we have positive evidence was that 
of small, detached, melted globules, the formation of which 
cannot be explained in a satisfactory manner, except by 
supposing that their constituents were originally in the 
state of vapour, as they now exist in the atmosphere of 
the Sun ; and, on the temperature becoming lower, con- 
densed into these ultimate cosmical particles.^' These 
afterwards collected ton-ether into larger masses, which 
have been variously cliai^^ed by subsequent metamorphic 
action, and broken up by repeated mutual impact, and 
often again collected together and solidifled. The meteoric 
irons are probably those portions of the metallic con- 
stituents which were separated from the rest by fusion 
when the metamorphism was carried to that extreme 




point. 




CHAPTER IV. 



APPARENT MOVEMENTS OF THE HEAVENLY 

BODIES. 

Lesson XXVI.— The Earth a moving Observatory. The 
Celestial Sphere. Effects of the Earth* s Rotation upon 
the apparent Movements of the Stars. Definitions. 

321. In the previous chapters we have studied in turn 
the whole universe, of which we form a part ; the nebulae 
and stars of which it is composed ; the nearest star to us 
— the Sun ; and lastly, the system of bodies which centre 
in this staTj our own Earth being among them. 

We should be now, therefore^ In a position to see exactly 
what "the Earth's place in Nature" — what its relative 
importance — really is. V^e find it, in fact, to be a small 
planet travelling round a small star, and that the whole 
solar system is but a mere speck in the universe— an 
atom of sand uii tiie shore, a drop in the infinite oceau of 
space. 

322. But, however small or unimportant the Earth 
may be compared to the universe generally, or even to 
the Sun, it is all in all to us inhabitants of it, and espe- 
cially so from an astronomical point of view ; for although 
in what has been gone through before, we have in 
imagination looked at the various celestial bodies from 
ail points of view, our bodily eyes are chained to the 
Earth— the Earth is, in fact, our Observatory^ the very - 
centre of the visible creation ; and this is why, until men 



Digitized by Go -v^i'- 



CHAP. IV.] APPARENT MOVEMENTS, 



knew better, it was thought to be the very centre of the 
actual one. 

323. More than this, the Earth is not a fixed observa- 
tory ; it is a moveable one, arid, as we know , lias a double 
movement, turning round its own axis while it travels 
round the Sun. Hence, although the stars and tlie Sun 
are at rest, they ajjpear to us, as every child knows, to 
have a rapid movement, and rise and set every twenty-four 
hour& Although the planets go round the Sun, their 
circular movements are not visible to us as such, for our 
own annual movement is mixed up with them. 

Having described the heavens then as they €ire^ we must 
describe them as they seem. The real movements must 
now give way to the apparent ones | we must, in short, 
take the motion of our observatory, the Earth, into account. 

aa4. To make this matter quite clear, before we pro- 
ceed, let the £arth be supposed to be at rest : neither 
turning round on its own axis, nor travelling round tlie 
Sun. WhaL would happen is clearly this — that the side of 
it turned towards the Sun would have a perpetual day, 
the other side of it perpetual night. On one side the Sun 
would appear at rest — there would be no rising and setting ; 
on the oilier side the stars would be seen at rest in the 
same manner ; the whole heavens would be, as it were, 
dead. 

3M. Again, let us suppose the Earth to go round the 
Sun as the Moon goes round the Earth, turning once 
on its axis each revolution, which would result in the 
same side of the Earth always being turned towards the 
Sun. The inhabitants of the lit-up hemisphere would, as 
before, see the Sun motionless in the heavens ; but in this 
case, those on the other side, although they would never 
see the Sun, would still see the stars rise and set once a 
year. 

These examples should give you an idea of the way in 
which the various apparent movements of the heavenly 
bodies are moulded by the Earth's real movements, and 
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we shall find that the former are mainly of two kinds — 
daily apparent movements and yearly apparent move- 
ments, which are due, the first to the Earth's daily rotation, 
or turning on its axis, and the second to the Earth's yearly, 
revolution or journey round the Sun. In each case the 
apparent movement is, as it were, a reflection of the real 
one, and in the opposite direction to the real one ; exactly 
what we observe when we travel smoothly in a tram or 
balloon. When we travel in an express train, the objects 
appear to fly past qs in the opposite direction to that in 
which we. are going ; and in a balloon, in which not the 
least sensation of motion is felt, to the occupant of the 
car it is always the Earth which appears to fall down from 
it, and rush up to meet it, while the balloon itself rises or 
descends. 

3ft6. We will first study the effects of the Smrtli's 
rotation on the apparent moTements of the stars. The 

daily motion of the Earth is very different in different 
parts — at the equator and at a pole, for instance. An 
observer at a pole is simply turned round without changing 
his place, while one at the equator is swuno- round a 
distance of 24,000 miles every day. We ought, therefore, 
to expect to see corresponding differences in the apparent 
motions of the heavens, if they are really due to the actual 
motions of our planet. Now this is exactly what is 
observed, not only is the apparent motion of the heavens 
from east to west — the real motion of the Earth being from 
west to east — ^but those parts of the heavens which are 
over the poles appeir at rest, while those over the equator 
appear in most rapid motion. In short, the apparent 
motion of the eeiestlsl sphere^the name given to the 
apparent vault of the sky — to which the stars appear to 
be fixed, and to which, in fact, their positions are always 
referred, 15 exactly biinil ir to the real motion of the terre- 
strial one, our Earth ; but, as we said before, in an opposite 
direction. 

9d7. Before we prpceed further, however, we must 
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say something more about this celestial sphere, and ex- 
plain the terms employed to point out the dilierent parts 
of it, 

M8* In the first place, as the stars are so far o(T, we 
may imagine the centre of the sphere to lie either at the 
centre of the Earth or in our eye, and we may imagine it 
as large or as small as we please. The points where the 
terrestrial poles would pierce this sphere, if they were long 
enough, we shall call the celestial ptftes j the great circle 
lyin^ in the same plane as the terrestrial equator we shall 
call the celestial equator, or equinoctial | the point over- 
head the zenitii 3 the point beneath our feet the nadiis 

Now, as the whole Earth is belted by parallels of 
latitude and meridia?is of lon^^tude^ so are the heavens 
belted to the astronomer with parallels of declination and 
weridia7is of right ascension. If we suppose the plane in 
which our equator lies extended to the stars, it will pass 
through all the points which have no declination (0°). 
Above and below we have north and south declination, 
as we have north and south latitude, till we reach the pole 
of the equator (90^ . As we start from the meridian of 
GreefmichKii ii^'^ measure of longitude^ so do we start 
from a certain point in the celestial equator occupied by 
the Sun at the vernal equinox, called the first paint of 
Aries, in the measure of right ascension. As we say such 
a place is so many degrees east of Greenwich, so we say 
such a star is so many hours, minutes, or seconds east of 
the hrst point of Aries. 

329. In short, as we define the position of a place on 
the Earth by saying that its latitude and longitude (in 
degrees) are so-and-so, so do we define the position of a 
heavenly body by saying that, referred to the celestial 
sphere, its declination (in degrees) and right ascension 
(in time reckoned from Aries) are so-and-so. 

Sometimes the distance from the north celestial pole is 
given instead of that from the celestial equator. This is 
called north-polar distance. 
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These terms apply to the celestial sphere <(encrallv. 
When we consider that puruoir uf it visible in any one 
place, or the sphere of observation, there are other terms 
employed, which we will state in continuation. In any 
place the visible portion of the celestial spliere seems to 
rest either on the Earth or sea. The line where the 
heavens and Earth seem to meet is called the Tltfible 
borisoni the plane of the visible horizon meets 
the Earth at th e spectator. The rattonalj or true horizon, 
is a great circle of the heavens, the plane of which is 
parallel to the former plane^ but which, instead of passing 
through the spectator, passes through the centre of the 
Earth. A irarlieal line is a line passing from the zenith 
to the nadir, and therefore through the spectator ; and 
therefore, again, it is at right angles to the planes of the 
horizon, or upright with respect to them. If it is desired 
to point out the position of a heavenly body not on the 
celestial sphere generally, but on iluiL portiiiu of it visible 
on the horizon of a place at a given moment of time, this 
is done by detcrminin!| either its altitude or its senitla 
distance, and its »mimuth (instead of ila decimation and 
right ascension). 

Altitude is the angular height above the horizon. 

zenitbHiisUiiee is the angular distance from the 
zenith. 

Asimnth is the angular distance between two planes^ 
one of which passes through the north or south point 
(according to the hemisphere in which the observation is 
made)» and the other through the object, both passing 
through the zenith. 

The eelestlel merldUa of any place is the great circle 
on the sphere corresponding to the terrestrial meridian 
of that place, cutting therefore the north and south 
points. 

The prime Tertical is another great circle passing 
through the east and west points and the zenith. 
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Lesson XXVlh^Appareni Motions of Uie Heavens^ as 
seen from different parts of the Earth, Parallel^ Rights 
and Oblique Spheres, Circumpolar Stars. Equatmal 
StarSy and Stars imfisible in the Latitude of London, 
Use of the Giobes, 

330» We are now in a position to proceed with our 
inquiry into the apparent movement of the celestial sphere. 
In what follows we shall continue to talk of the Sun or a 
star rising or setting, although the reader now understands 
that it is^ in fact, the plane of the observer's horizon which 
changes its direction with regard to the heavenly body, in 
consequence of its being carried round by the EarUi's 
motion. When stars are so situated that they are just 
visible tU any point along the horizon to the east they are 
said to rise ; when the rotation of the Earth has brought 
the plane of the horizon under the meridian or line which 
passes through a star and the N. and S. points it is said 
to culminate or pass the meridian, or transit; and when 
the plane of the horizon is earned to the nadir of the 
point it occupied when it rose to the star, the stars then 
occupy positions along the opposite — that is, the western 
horizon, and they are said to set 

aai« Let Fig. 32 represent our imaginary celestial 
sphere, and N. an observer at the north pole of theEarth. 
To him the north pole of the heavens and the zenith 
coincide, and his true horizon is the celestial equator. 
Above his head is the pivot on which the heavens appear 
to revolve, as underneath his feet is the pivot on which the 
Erirth actually revolves ; and round this point the stars 
appear to move in circles, the circles getting larger and 
larger as the horizon is approached. The stars never rise 
or set, but always keep the same distance from the horizon. 
The observer is merely carried round by the 
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Earth's rotation, and the stars seem carried 
round in the opposite direction. 
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FiO. 3au— The Gdcttial Sptoe* as viewed firom t^ke P<»le& A potaM sphere. 

332. We will now change our position. In Fig. 33 
the celestial sphere is again represented, but this time we 
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Fig. js.— The Celestial Sphere, as viewed from the Equator. A right sphere. 



suppose an observer, Q, at its centre, to be on the Earth's 
equator. In this position we hnd the celestial equator in 
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the 2enith| and the celestial poles PP on the true horizoni 
and the staxs, inafcead e£ ravolviiig^ round a find pnnt 

oveihead, and never risinj^ or setting, rise and set every 
twelve hours, travelling straight up and down along circles 

which get smaller and smaller as we leave the zenith and 

approach ihe poles. ihc spectator is carried up 
and down by the Earih^s rotation, and the stars 
appear to be so carried Yet another figure^ to 




Flc. ^4.— I he Celestial Sphere, viewed from a middle latitude^ An Oblique 
sphere. In this woodcut DD' shows the apparent path of a circumpolar 
star : BB'B" the path and rising and setting points of an equatorial star ; 
CCC* and AA'A" thote of stass of nud-d«aiiMCion, ooa oorA and tihe 
other south. 

show what happens half-way between the poles and the 
equator. At m Fig. 34, we unagine an observer to be 
placed on our Earth, in lat. 45*" (that is, half-way between 

the equator in lat. 0°, and the north pole in lat. 90 ). Here 
the north celestial pole will be half-way between the zenith 
and the horizon (see Figs. 32 and 33) ; and close to the 
pole he will see tlie stars describing circles, inclined, 
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however, and not retaining the same distance from the 
horizon. As the eye leaves the pole, the stars rise and set 
obliquely, describe larger circles, gradually dipping more 
and more under the horizon, until, when the celestial 
equator, BBB"^ is reached, half their journey is per- 
formed below it Still going south, we find the stars 
rising less and less above the horizon, until, as there were 
northern stars that never dip below the horizon, so there 
are southern stars which never appear above it. 

333. In lat. 45° south, the southern celestial pole would 
in like manner be visible ; the stars wc never see in the 
northern hemisphere never set ; the stars which never set 
with us, never rise there ; the stars which rise and set 
with us set and rise with them. 

334. Now it is evident that if we divide the celestial 
sphere into two hemispheres, northern and southern, an 
observer at the north pole sees the northern stars only ; 
one at the south pole the southern stars only ; while one 
at the equator sees both north and south stars. An 
observer in a middle north latitude sees all the northern 
stars and some of the southern ones ; and another in a 
middle southern latitude sees all the southern stars and 
some of the northern ones. 

335. llcncc, in middle latitudes, and therefore in 
England, we may divide the stars into three classes : — 

I. Those northern stars which never set (northern 

circumpolar stars). 
IL Those southern stars which never rise (southern 

circumpolar stars). ^ 
III. Those stars which both rise and se,t. Xm77Sj>^ 



386. It is easily gathered from Figs. 32—34 that the 
height of the celestial pole above the horizon at any place 
is equal to the latitude of that place ; for at the equator, in 
lat. o**, the pole was on the horizon, and consequently its 

altitude was nothinp: ; at the pole in lat. 90* it was in 

the zenith and iLb altitude was consequently 90" ; while 
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in lat. 45*" its altitude was 45**. In London^ thereforei in 
lat. s^¥y altitude will be 51^% and hence stars of less 

than that distance from the pole will always be visible, 
as they will be above the horizon when passing below the 
pole. All the stars, therefore, within 51^ of the north pole 
will form Class I. ; all those within 51° of the south pole 
Class II. ; and the remainder — that is, all stars from lat. 
39° N (90^— ^i^^SQ'') to 39^ S.— will form Class III. 

337. In these and similar inquiries the use of the 
terrestrial and celestial globes is of great importance 
in clearing our ideas. 

To use either properly we must begin by making each 
a counterpart of what is represented— that is, the north 
pole must be north, the south pole south, and moreover 
the axis of either globe must be made parallel with the 
Earth's axis. 

333. This is accomplished generally by the use of a 
compass, the indication of that inbUiiincui being" cor- 
rected by its known variaUon. This variation at present 
is about 18"^ to the west of the true north; therefore the 
true north lies 18 to the en st of magnetic north, and the 
brazen meridian of the globe must be placed accordingly. 
Secondly, the wooden horison of the globe must be level ; 
it will then represent the horizon of the place. 

339. This done, the pole— the north pole in our case — 
must be elevated to correspond with the latitude of the 
place where the globe is used. At the poles this would 
be 90% at the equator o^, and at London 51}''. 

MO. If we then turn the terrestrial globe from westio 
east, we shall exactly represent the lie, and the direction 
of motion of the Earth. If we then turn the celestial 
globe from east to west, we shall exactly represent the 
apparent motions of the heavens to a spectator on the 
Earth supposed to occupy the centre of the globe, as in 
Figs. 32-34. The wooden horizon will represent the true 
horizon ; and why some stars never set and others never 
rise in these latitudes, will at once be apparent. 
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3A1. At the present time the northern celestial pole 
lies in Ursa Minor, and a star in that constellation very 
nearly marks the position of the pole, and is therefore 
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called polaris, or the pole-star. We shall see further on 
(Lesson XLI II .), that the direction in which the Earth's axis 
points is not always the same, although it varies so slowly 
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that a few years do not make much difference. Asa con- 
sequence, the position of the celestial pole, which is defined 
by the Earth's axis prolonged in imagination to the stars, 




varies also. One of the most striking circumpolar con- 
stellations is Ur»a Major (the Great Bear), the Plouffh, 
or Charles' Wain, as it is otherwise called. Two stars 
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in this are called the pointers, as they point to the pole- 
star, and enable us at all times to find it easily. 

The other more important circumpolar constellations 
are Cassiopeia, Cepheus, Cygnus, Draco, Auriga (the 
brightest star of which, Capella, is very near the horizon 
when below the pole), and Perseus. The principal 



Fig. 37.— The Constellation of the Great Bear, in four different positions, 
after inter\'als of 6 hours, showing the effect of the apparent revolution of 
the celestial sphere upon c.rcumpolar stars. 



southern circumpolar constellations which never rise in 
this country, are Crux, Centaurus, Argo, Ara, Lepus, 
Eridanus, and Dorado. Nearly all the other constella- 
tions mentioned in Arts. 37-39 belong to Class III. 

342. If, then, we would watch the heavens on a clear 
night from hour to hour, to get an idea of these apparent 
motions, we may best accomplish this either by looking 
eastwards to see the stars rise, westward to see them set, 
or northward to the pole to watch the circular movement 
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round that point. If, for instance, we observe the Great 
Bear, we shall see it in six hours advance from one 
of its positions shown in the accompanymg figure, to 
the next. 

343. As the Earth's rotation is accomiilishcd in 
23h. 54m. 56s., it follows that the apparent movement of 
the celestial sphere is completed in that time ; and were 
there no clouds, and no Sun to put the stars out in the 
day^time^-eclipsing them by his superior brightness — we 
should see the grand procession of distant worlds ever 
deliting before us, and commencing afresh after that 
period of time. 

This leads us to the effect of the Earth's yearly journey 
round the Sun upon the apparent movement of the 

btais. 



Lesson XXWUl.^Position of the Stars seen at Mid- 
night * Depends upon the two Motions of the Earth, 
How to teli the Stars. Celestial Globe. Star-maps, 
The EquatoricU Constellations. Method of Align- 
ments. 

a4i(. We see stars only at night, because in the day- 
time the Sun puts them out ; consequently the stars we see 
on any night arc the stars which occupy that half of the 
celestial sphere opposite to the point in it occupied at that 
time by the Sun. We have due south, at midnight, the 
very stars which occupy the celestial meridian 180° from 
the Sun's place, as the Sun, if it were not below the horizon 
in England, would be seen due north. 

3^. Now as we go round the Sun, we are at different 
times on different sides, so to speak, of the Sun ; and if 
we could see the stars beyond him, we should see them 
change ; but what we cannot do at mid-day, in conse* 
quence of the Sun's brightness, we can easily do at mid* 
night ; for if the stars behind the Sun change^ the stars 
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exactly opposite to his apparent place will change too, 
and these we can see in the south at midnight. 

34>6. It is clear, in fact, that in one complete revolution 
of the Earth round the Sun every portion of the visible 
celestial sphere will in turn be exposed to view in the 
south at midnight ; and as the revolution is cornpIeLed in 
365 daySy and there are 360^ in a great circle of the 
sphere, we may say broadly that the portion of the 
heavens visible in the south at midnight advances I* 
from night to night, which 1° is passed over in 4 minutes, 
as the whole 360^ are passed over in nearly 24 hours. 

847. This advance is a consequence of the difference 
between the lengths of the day as measured by the fixed 
stars and by the moving Sun, as we shall explain presently. 
We may here say, that as the solar day is longer than the 
sidereal one, the stars by which the latLcr is measured 
gain upon the solar day at the rate we have seen ; so that, 
as seen at the same hour on successive nights, the whole 
celestial vault advances to the westw,:ird, the change due 
to one month s apparent yearly motion being equal to 
that brought about in two hours by the apparent daily 
motion. 

34-8. Hence the stars south at midnight (or opposite 
the Sun's place) on any night, were south at 2 A.M. a month 
previously, and so on ; and will be south a month hence 
at 10 o'clock P.M., and so on. 

The best way to obtain a knowledge of the various 
constellations and stars is to employ a celestial globe. 
We first, as seen in Arts. 337-9, place its brass meridian 
in the plane of the meridian of the place in which the 
globe is used, and make the axis of the globe parallel to 
the axis of the Earth, and therefore of the heavens, by 
elevating ilie north pole (in our case) until its height 
above the wooden horizon is equal to the latitude of the 
place. We next bring under the brazen meridian the 
actual place in the heavens occupied by the Sun at the 
time ; this place is given for every day in the almanacs* 
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We thus represent exactly the position of the heavens at 
mid-dny, by briiv^^'ing" the Sun's place to the brazen me- 
ridian, and the index is then set at 12. The reason lor 
this is obvious ; it is always 12, or noon, at a place when 
the Sun is in the' meridian of that place. We then, if the 
time at the place is after noon, move the globe on till the 
index and the time correspond ; if the time is before noon, 
we move the globe back — ^that is, from west to east, till 
the index and time correspond in like manner. 

•50. When the globe has been rectified^ as it is called, 
in this manner, we have the constellations which are 
rising on the eastern horizon, just appearing above the 
eastern part of tlie wooden honzon. Those setting arc 
siinilaily near the western part of the wooden horizon. 
The constellations in the zenith at the time will occupy 
the highest part of the globe, while tlic constellations 
actually on the meridian will be underneath the brazen 
meridian of the globe. 

351. Further, it is easy at once to see at what time any 
stars will rise, culminate, or set, when the globe is rectified 
in this manner. All that is necessary is, as before, to 
bring the Sun's place, given in the almanac, to the 
meridian, and set the index to XII. To find the time at 
which any star rises, we bring it to the eastern edge of 
the wooden horizon, and note the time, which is the time 
of rising. To . find the time at which any star sets, we 
bring it similarly to the western edge of the wooden 
horizon and note the time, which is the time of setting. 
To find the time at which any star culminates, or passes 
the meridian, we bring the star under the brass meridian 
and note the time, which is the time of meridian passage. 

352. In the absence of the celestial globe, some such 
table as the following is necessary, in which are given the 
positions occupied by the constellations at stated hours 
during each month in the year. When the positions of 
the constellations are thus known, some star-maps (the 
small ones published by the Society for Promoting Useful 
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Knowledge are amply sufficient) should be referred to, in 
which various bright stars which go to form each constel* 
lation should be well studied; the constellation should 

then be looked for in the position indicated by the table, 
ill the sky itself. W'iicii any constellation is thus recog- 
nised, the star-map should again be studied, in order that 
the stars in its vicinity may next be traced. 

CONSTELLATIONS VISIBLE IN THE LATITUDE OF 

LONDON THROUGHOUT THE YEAR. 

[Proctor's ''Constellation Seasons" may be consulted with advantage. 
The obnstdladoiis as glimi here have been taken firon tho maps in that 
work instead of from a celestial globe.] 

. Jan. 20, 10 P.M. (Feb. 19, 8 p.m. ; Dec. 21, midnight). 

N— S. Draco, ^iiim, *Auriga, Orion, Canis Major. 

E— W. Leo, Lynx, * Perseus, Pisces. 
N E — SW. Bootes, Ursa Major, * Taurus, Eridanus. 
SE — NW. Hydra, Gemini, * Cassiopeia, Cygnus. 

Feb. 19, 10 P.M. (March 21, 8 p.m. ; Jan. 20, midnight). 

N — S. Cygnus, Dmco^ polaris, *Lynx, Gemini, Canis 

Minor. 

E — W. Virgo, Coma Berenices, Ursa Major, * Auriga, 
Argo, Taurus, Aries. 
NE— SW. Corona Borealis, Ursa Major, * Orion, Eri- 
danus. 

SE — NW. Leo, * Cassiopeia, Andromeda. 

March 21, 10 p.m. (April 20, 8 p.m. j Feb. 19, midnight). 

N — S. Cepheus, polarisy *Ursa Major, Leo Minor, 

Leo, Hydra, 
E — ^W. Serpens, Bootes, * Taurus. 
N£— SW. Hercules, Draco,* Cancer, Canis Minor, Canis 

Major. 

SE — NW, Virgo, Leo, * Camelopardalts, Perseus. 

* The asterisk placed in the line denotes that the zenith separates the two 
oonsteUations between which the «itcrfsk is pboed. When the aslerisk is 
piefimd tQ any ooastdUtioA, the oonsiellatioo itself ooeitpics the semtfa. 
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y/ApKiL 20y 10 P.M. (May 21,8 P.M ; March 21, midnight). 

N — S. Cassiopeia, Cepheus, po/an's, *Ursa Major, 

Coma Berenices, Virgo, Corvus. 
£ — W. Ophiuchus, Hercules, Corona Borealis, Bootes, 
* Gemini. 

NE — SW. Cygnus, Draco, ♦ Leo, a Hydra. 
SE — NW. Libra, Bootes, * Auriga, Perseus. 

May 21, 10 P.M. (June 21, 8 p.m. ; April 20, midnight). 

N — S. Cassiopeia, polariSy Ursa Majt*ris, Ardurus 
(in Bootes). 

E — W. Aquila, Lyra, Hercules, * Ursa Major, Leo 
Minor, Cancer. 
NE—SW. Cygnus, Draco, * Canes Venatict, Coma 

f V Berenices, \^ Leonis. 

I ! SE— NW. Ophiuchus, Serpens, Bodtes, * Ursa Major, 

Lynx, Auriga. 



^ i June 21, 10 p.m. (July 22, 8 p.m. ; May 21, midnight). 

^ N — S. Perseus, Camelopard.ilis, po/aris, * Uraco, 

Hercules, Curona Borealis, Serpens, Scorpio. 
^ E — W. € Pei^iisi, Cygnus, L) ra, * rj Ursce Majoris^ 

Canes Venatici, Leo. 
, NE — SW. (I A?ufrojfiri{iC^ Cepheus, * Bootes, \'irL,''o. 
' SE — NW. Sagittarius, Aquila, Hercules, * Ursa Major, 

Gemini. 

I July 32, 10 p.m (Aug. 23, 8 p.m. ; June 21, midnight). 

N— S. Auriga, Camelopardalis, polaris^ * Draco, Her- 
cules, Sagittarius. 
E — W. Pegasus, Cygnus, * Bootes, Virgo. 
NE — SW. Andromeda, Cassiopeia, Cepheus, * Hercules, 
Serpens, Libra. 
»— NW. Capri cornus, Aquila, Lyra, * Ursa Major, Leo 
Minor. 
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Aug. 23, 10 P.M. (Sept. 23, 8 p.m. ; July 22, midnight). 

N — S. Lynx, polaris, Draco, ♦ Cygnus, Vulpecula, 

Aquila, Capricomus. 
£ — W. Pisces, a Andromeda^ * Draco, Hercules, Co- 
rona Borealis, Bodtes. 
NE — SW. Perseus, Cassiopeia, Cepheus, * Lyra, Ophiu- 
chus. 

SE — N W.Aquarius, Pegasus,* Draco, Ursa Major. 

Sefi. 23, 10 P.M. (Oct. 23, 6 P.M. ; Aug. 23, midnight). 

N— S. Ursa Major, polariSy * Lacerta, Pegasus, 
Aquarius, Piscis Australis. 
; E— W. Aries, Andromeda, * Cygnus, Lyra, Hercules, 
NE — SW. Auriga, Cassiopeia,* Cygnus, Aquila. 
SE— N W.Cetus, Pisces, a Andromeda, ^ DrsLCo, Bootes. 
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Oct. 23, 10 P.M. (Nov. 22, 8 p.m. ; Sept. 23, midnight). 

4v N— S. Ursa Major, Cassiopeia, Andromeda, 

\ y Pegasi^ Pisces, Cetu:^. 



E— W. Orion, Taurus, Perseus, * Cygnus, Aquila. 
NE— SW. Lynx, Camelopardalis, * Pegasus, Capri- 
*' cornus. 

^ SE— NW.Eridanus, Cetus, Aries, Andromeda, * Ce- 

pheus, jS Draconis, Hercules* 

Nov. 22, 10 P.M. (Dec. 21,8 P.M. ; Oct. 23, midnight). 

N— S. Ursa Majaris, Draco, falaris, ♦ Perseus, 

Triangula, Aries, Cetus. 
E— W. Canis Minor, Gemini, Auriga, * Lacerta, Dcl- 
\ phinus, Aquila. 

NE— SW.Leo Minor, Camelopardalis, * Andromeda, 
\ fi Pegasi^ Aquarius. 

. SE— NW. Lepus, Orion, Taurus, * Cassiopeia, Cepheus, 
\ Lyra. 
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Dec. 21, 10 P.M. (Jan. 20, 8 p.m. ; Nov. 22, midnight). 

N — S. Hercules, Draco, polaris, *Perseus, Taurus, 
Eridanus, 




E — W. Leo, Gemini. Auriga, *Andromeda, Pegasus. 
NE— SW. Ursa Major, * Aries, Cetus. 
SE — NW. Canis Major, Orion, Taurus, ^Cassiopeia, 
* Cepheus, Cygnus. 
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353. In Fig. 36 some of the circumpolar constellations 
have already been represented. In Fig. 38 are given 




some of the constellations in the equatorial zone visible 
on Jan. 20th to the south. 

The central constellation is Orion, one of the most 
marked in the heavens ; when all the bright stars in this 
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asterism are known, many of the surrounding ones may 
easily be found, by means of alignments. For instance, 
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the line formed by the three stars in the belt, if produced 
eastward, will pass near Sirius, the brightest star in the 
heavens. 
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354.. Fig. 39 represents in like manner the appearance 
of the heavens a little south of the zenith in May : the 
bright star Arcturus (a Bo6tis) being then nearly on the 
meridian. The constellation Hercules is easily recognised 
by means of the trapezium formed by four of its stars. 

355. In Fig. 40 the square of Pegasus is a very marked 
object, and this once recognised in the sky, may, by 
means of star-maps, be made the start-point of many new 
ahgameiits. 

356. The first magnitude stars should be first known ; 
then the second ; and so on till the positions of all the 
brighter ones in the different constellations are impressed 
upon the memory — no difficult task after a little practice, 
and comparison of the sky itself with good small maps. 

Lesson XXIX.— .4/>?;r/// Moiinn of the Sun. Differ- 
ence in Length beiiveen the Sidereal and Solar Day. 
Celestial Latitude and Longitude. The Signs of the 
Zodiac. Sun's apparent Path. How the Times of 
Sunrise and Sunset^ and the Length of the Day 
and Nighty may be determined by means of the 
Celestial Globe. 

357. The effect of the Earth's daily movement upon 
the Sun is precisely similar to its effect upon the stars ; 
that is, the Sun appears to rise and set every day ; but in 
consequence of the Earth's yearly motion round it, it 
appears to revolve round the Earth more slowly than 
the stars; and it is to this that we owe the difference 
between, star-time and sun-time, or, in other words, between 
the lengths of the sidereal and solar days. 

ass. How this difference arises is shown in Fig. 41, 
in which are seen the Sun, and the Earth in two positions 
in its orbit, bCparatcd by the time of a complete rotation. 
In the first position of the Karth are shown one observer, 
a, with the hun on his meridian, and another, ^, with a 
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star on his : the two observers being exactly on opposite 
sides of the Earth, and in a h'ne drawn through the centres 
of the Earth and Sun. In the second position, when the 
same star comes to ^'s meridian, a sees the Sun still to 
the east of his, and he must be carried by the Earth's 
rotation to c before the Sun occupies the same apparent 
position in the heavens it 
formerly did — that is, before 
the Sun is again in his meri- 
dian. The solar day, there- 
fore, will be longer than the 
sidereal one by the time it 
takes a to travel this dis- 
tance. 

Of course, were the Earth 
at rest, this difference could 
not have arisen, and the solar 
day is a result of the Earth's 
motion in its orbit, combined 
with its rotation. 

359. Moreover, the Earth^s 
motion in its orbit is not 
uniform, as we shall see sub- 
sequently ; and, as a conse- 
quence, the apparent motion 
of the Sun is not uniform, 
and solar days arc not of the 
same length ; for it is evident 
that if the Earth sometimes 
travels faster, and therefore 

further, in the interval of one rotation than it does at 
others, the observer a has further to travel before he gets 
to c ; and as the Earth's rotative movement is uniform, he 
requires more time. In a subsequent chapter it will be 
shown how this irregularity in the apparent motion of the 
Sun is obviated. 

360. The apparent yearly motion of the Sun is so 




Fig. 41.'' — Piagjam' showing how 
the difference between the 
lengths of the Sidereal and 
Mean day arises. 
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important that astronomers map out the celestial sphere 
by a second method, in order to indicate his motion more 
easily; for as the plane of the celestial equator, like the 
plane of the terrestrial equator, does not coincide with the 
plane of the ecliptic, the Sun's distance from the celestial 
equator varies every minute. To get over this -difficulty, 
they make of the plane of the ecliptic a sort of second 
celestial equator. They apply the term eelestlal latttude 
to angular distances from it to the poles of the heavens, 
which are 90"^ from it nortli and south. They apply the 
term celestial longritude to the angular distance — reck- 
oned on the plane of the ecliptic -from the position 
occupied by the Sun at the vernal equinox, reckoning 
fr(M!i left to right up to 360°. This latitude and longitude 
may be cither heliocentric or greocentric — that is, 
reckoned from the centre either of the Sun or Earth 
respectively. 

361. The celestial equator in this second arrangement 
is represented by a circle called the BoOiac, which is not 
only divided, like all other circles, into degrees, &c., but 
into signs of 30*^ each. These, with their symbols, are as 
follow : — 

spring Signs. Suniiner Signs. Autumn Signs. Winter Signs. 

r Aries. 4^ Cancer. ^ Libra. Capricorn.. 
t5 Taurus, fs Leo. nj Scorpio. ^ Aquarius, 
n Gemini nt Virgo. t Sagittarius. H Pisces. 

At the time these signs were adopted the Sun entered 
the constellation Aries at the vernal equinox, and occupied 
in succession the constellations bearing the same names ; 
but at present, owing to the iireeession oi the eqvdnomB, 
which we shall explain subsequently, the signs no 
longer correspond with the constellations, which 
must therefore not be confounded with them. 

36tt. Now it follows, that, as these two methods of 
dividing the celestial sphere, and of referring the places 
of the heavenly bodies to it, are buil^, as it were, one on 
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the plane of the terrestrial equator, and the other on the 
plane of the ecliptic, (i) the angle formed by the celestial 
equator with the plane of the ecliptic is the same as that 
formed by the terrestrial one, — that is, 23^^ nearly ; and 
(2) the poles of the heavens are each the same distance, 
< — that is, 23]^ from the celestial poles. 

Moreover, if we regard the centre of the celestial sphere 
as lying at the centre of the Earth, it is clear that the 
two planes will intersect each other at that point, and that 
half of the ecliptic will be north <si the celestial equator 
and half below It ; and there 'will be two points opposite 
to each other at which the ecliptic will cross *the celestial 
equator. 

363. Now as the Sun keeps to the ecliptic, it follows 

that at different parts of its path it will cross the celestial 
equator, be north of it, cross it again, and be south of it, 
and so on again ; in other words, its latitude remaining 
the same, its declination or distance from the celestial 
equator will change. 

364. Hence it is, that allhough the Sun rises and sets 
every day, its daily path is sometimes high,' sometimes 
low. At the vernal equinox^ — that is, when it occupies 
one of the points in which the zodiac cuts the equator^ — it 
rises due east, and sets due west^ like an equatorial star ; 
then gradually increasing its north declination^ its daily 
path approaches the zenith^ and its rising and setting 
points advance northwards, until it occupies the part of 
the zodiac at which the planes of the ecliptic and equator 
are most widely separated. Here it appears to stand 
still ; we have the summer solstice (so/j the sun, and s/are, 
to stand), and its daily path is similar to that of a star of 
23^° north declination. It then descends again through 
the autumnal equinox to the winter solstice, when its 
apparent path is similar to that of a star of 234^ south 
declination, and its rising and setting points are low 
<lown southward. 

^ 3^. The use of the celestial globe is very important 

N 
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in rendering easily understood many points connected 
with the Sun's apparent motion. Having rectified the 
globe, as directed in Arts. 337-9 and 349, the top of the 
globe will represent the zenith of London, a miniature 

terrestrial globe, with its axis parallel to ihc celestial 
one, being suiiposed to occupy the centre of the latter. 
I5y bringing different parts of the ecliptic to the brass 
meridian the varying meridian height of the Sun, on 
which the seasons depend (Lesson XI I T.^ is at once shown. 

366. In addition to this, if we find from the almanac 
the position of the true Sun in the ecliptic on any day, and 
bring it to the brass meridian, the globe represents the 
positions of the Sun and stars at noonday ; we may, 
however, neglect the stars. The index-hand is, therefore, 
set to 12. If the globe be perfectly rectified, and we turn 
it westward till the Sun's place is close to the wooden 
horizon, the globe then represents sunset, and the index 
will indicate the time of sunset. If, on the other hand, 
we turn the Sun's place eastward from the brass meridiaa 
till it is close to the eastern edge of the wooden horizon, 
the globe represents in this case simrise, and the index 
will indicate the time of sunrise. 

367. If the path of the Sun's place when the globe is 
turned from the point occupied at sunrise to the point 
occupied at sunset be carefully followed with reference 
to the horizon, the cUiinud arc described by the Sun at 
different times of the year will be shown. 

368. It is clear, that at apparent noon and midnight 
the Sun is mid-way between the eastern and western parts 
of the horizon — one part of the diurnal arc being above the 
horizon, the other below it The time occupied, there** 
fore, from noon to sunset is the same as from sunrise to 
noon. Similarly, the time from midnight to sunrise is 
equal to that from sunset to midnight. 

369. As civil time divides the twenty-four hours into 
two portions, reckoned from midnight and noon, we have 
therefore a convenient method of learning the length of 
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the day and night from the times of sunrise and sunset 
For instance, if (he Sun rises at 7, the time from midnight 

to sunrise is seven hours ; but this time is equal, as has 
been seen, to the time from sunset to midnight, therefore 
the night is fourteen hours long. Similarly, if the Sun sets 
at 8, the day is twice eight, or sixteen hours long. So 
that — if we neglect the equation of time — 

Double the time of the Sun's setting gives the length 
of the clay. 

Double the time of the Sun's rising gives the length 
of the night* 



LESbuN '/M X^.*=^ A parent Motions of the Moon and 
Planets/ Extreme Meridian Hcii^hts of the Moon : 
An<^/e of her Path with the Horizon at different 
Tiifies. Harvest Moon. Varying Distances^ and 
varying apparent Size of the Planets^ Conjunction 
and Opposition. 

370. The Moon, we know, makes the circuit of the 
Earth in a lunar month, — that is, in 294 days ; in one 
day, therefore, she will travel, supposing her motion to be 
uniform, eastward over the face of the sky a space of 
nearly 13^, so that at the same time, night after night, she 
shifts her place to this amount, and therefore rises and 
sets later. Now, if the Moon's orbit were exactly in the 
plane of the ecliptic, we should not only have two eclipses 
every month (as was remarked in Art. 233), but she would 
appear always to follow the Sun's beaten track. We have 
seen, however, that her orbit is inclined 5^ to the plane 
of the ccIipliL, .aid therefore to the Suirs apparent path. 
It follows, therefore, that when the Moon is approaching 
her descending node, her path dips down (and her north 
latitude decreases), and that when she is approaching 
her ascending node, her p:ith dips up (and her southern 
latitude decreases). Further, although the plane of. iier 
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.path can never be more than 5^ from the Sun's path^ she 
may be much more than 5° from that of the Sun's path, 

at any one time^ for she may be at the extreme south of 

the ecliptic, while ihc Sun is at the extreme north, and 
vice versa. The greatest difference between the meridian 
altitudes of the Moon is twice 5° + 23i = 57°; that is 
to say, she may be 5° north of a part of the ecliptic, 
which is 23i° north of the equator, or she may be 5^ 
south of a part of the ecliptiCi which is 23^"^ south of 
the equator. 

371. But let us suppose the Moon to move actually in 
the ecliptic — this will make what follows easier. It is 
clear that the full Moon at midnight occupies exactly the 
opposite point in the ecliptic to that occupied by the Sun 
at noon-day. In winteri therefore^ when the Sun is 
lowest, the Moon is highest ; and so in winter we get 
more moonlight than in summer, not only because the 
nights are longer, but because the Mood, like the Sun in 
summer, is best situated for lighting up the northern 
hemisphere. 

372. Although, as we have seen, the Moon advances 
about 1 3 m her orbit every 24 hours, the time between two 
successive moonrises varies considerably, and forareason 
which should easily be understood. If the Moon moved 
along the equator, — or, in other words, if her orbit were 
in the plane of our equator,— the interval would always be 
about the same, because the equator is always inclined 
the same to our horizon ; but she moves nearly along the 
ecliptic, which is inclined 23^ to the equator ; and because 
it is so inclined, she approaches the horizon at vastly 
different angles at different times. In Art. 362 we saw 
that half of tlic ecliptic is to the north and half to the 
south of the equator, the former crossing the latter in the 
signs Aries and Libra. Kow when the Moon is furthest 
from these two points twice a month, her path is parallel 
with the equator, and the interval between two risings will 
be nearly the same for two or three days together ; but 
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mark what happens if she l)c near a node, i.e. in Aries 
or Libra. In Aries the ecHptic crosses the equator to 
the north ; in Libra the crossing is to the soutli* In 
Fig. 42 the line HO represents the horizon, looking east ; 
EQthe equator, which in England is inclined about 38^ 
to the horizon. The dotted line EC represents the di- 
rection of the ecliptic when the sign Libra is on the 

* « » • * . ' 

a • 
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Fio. 42. — Explanation of the Harvest Moon. 

horizon ^ and the clotted line E'C the direction of the 
ecliptic when the sign Aries is on the horizon. 

373. Now, as the Moon appears to rise because our 
horizon is carried down towards it^ it follows that when the 
Moon occupies the three successive positions shown on 
the line E'C she will rise nearly at the same time on 
successive evenings^ becausCj as her path is but little in- 
clined to the horizon, she therefore seems to travel nearly 
along the horizon; whereas, in the case of the line 
€Of her path is more inclined to the horizon than the 
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equator itself. This, of course, happens every month, as 
the Moon courses the whole length of the ecliptic in that 
time ; but when the full Moon happens at this node, as it 

does once a year, the difference comes out very strongly, 
and this full Moon is called the harvest moon, as it is 
the one which falls always within a fui inight of Sept. 23, 
the time of harvest. 

374.. The planets, when they are visible, appear as 
stars, and, like the stars, they rise and set by virtue of 
the Earth's rotation. Their apparent motions among the 
stars caused by the Earth's revolution round the Sun, 
combined with their own actual movements, therefore 
need only occupy our attention. 

875. Let us glance at Plate V«, and suppose that all 
the planets there shown — ^tbe Earth among them — ^are 
revolving round the Sun at different rates of speed, as is 
actually the fact ; it will be at once clear that the distances 
of the planets from each other and from the Earth are 
perpetually varying ; the distances of all from the Sun, 
however, remaining within the limits defined by the 
degree of ellipticity of their orbits. 

376. At some ponit of the Earth's path she will have 
each planet by turns on the same side of the Sun as her- 
sel(^ and on the opposite side ; it is evident therefore that 
the extreme distances will vary in the case of superior 
planets by the diameter of the Earth's orbit» — that is, 
roughly, by 186,000,000 miles. But this is not all ; as the 
orbits are elliptical, when the Earth and any one planet 
are near each other, the distance will not always be the 
same ; for as these approaches occur in different parts of 
the oibit, at one time we may have both the Earth and 
planet at their perihelion or aphelion points, or one may 
be in perihelion and the other in aphelion. The same 
when the Earth and any planet are on opposite sides of 
the Sun. This will be exemplified presently. 

877. The following table shows the average least and 
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greatest distances of each planet from the Earth, not 

taking into consideration the variation due to the ellip- 
ticity of the orbiLs : — 

Least Distances. 



Mercury. 
Venus . 
Mars. . 

Jupiter . 
Saturn . 
Uranus . 
Neptune 



Greatest Distances. 
Miles. 

1289952,000 
160,210,000 

234,615,000 
576,643,000 

979,744,000 
1,876,348,000 
2,8^6,965,000 



• 56,978,cxx) , 

. 23,720,000 , 

. 48,685,000 . 

. 390,713,000 . 

. 793,814,000 . 

1,690,418,000 . 

2,701,035,000 . 

The first column, in fact, is the difference 
between the distances of any one planet and 

the Earth from the Sun, and the second column 
is their sum. l"o ihis change of distance is to be 
ascribed the change of brilliancy of the various planets, 
due to their varying apparent sizes, as of couise they 
appear larger when they are near us than they do when 
they are on the other side of the Sun ; and also their 
piiaMSf which, in the case of the planets whose orbits lie 
between us and the Sun, are similar to those of the Moon, 
and for a like reason. The difference of size will of 
course depend upon the difference of distance, and the 
difference of distance will be greatest for those planets 
whose orbits lie nearest that of the Earth, as shown in the 
table Thus Venus when nearest the Earth appears six 
times larger than when it is furthest away, because it is 
really six times nearer to us ■ Mais m like manner ap- 
pears five times larger ; while in the case of Uranus and 
Neptune, as the diameter of the Earth's orbit is small 
compared with their distance from the Sun, their apparent 
sizes are hardly affected. 

In the case of the planets which lie between us and the 
Sun, phases similar to those of the Moon are seen from 
the Earth, because sometimes the planet is between us 
and the Sun, similarly to what happens at New Moon ; 
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sometimes the Sun is between us and the planet, and con- 
sequently we see the lit-up hemisphere. At other times, 
as shown in Fig. 43, the Sun is to the right or left of the 
planet as seen from the Earth; and we see a part of 
both the lit-up. and dark portions. Among the superior 
planets, Mars is the only one which exhibits a marked 
phase, which resembles that of the gibbous Moon* 

S7S. To distinguish the planets which travel round 
the Sun within the Earth's orbit, from those which lie 
beyond us, the former,/.^. Mercury and Venus, are termed 
inferior planets ; and the latter, i.e. Mars, Jupiter, Saturn, 
Uranus and Neptune, are termed superior planets- 
When an i?tfen'or planet is in a line between the Earth 
and Su?i, it is said to be in inferior coi^unction with 
the Sun ; when it is in the same line, but beyond the Sun, 
it is said to be in svperior conjunction. When a superior 
planet is on the opposite side of the Sun, — ^that is, when 
the Sun is between us and it, — ^we say it is in eoq|tmetlcmi 
when in the same straight line, but with the Earth in the 
middle, we say it is in opposition, because it is then in 
the part of the heavens opposite to the Sun. 



Lesson XKXl.— Apparent Motions of the Planets 
{continue^. Elongations and Stationary Points. 
Synodic Period, and Periodic Time. 

379. If an observer could watch the motions of the 
planets from the Sun, he would see them all equally pursue 
their beaten tracks, always in the same direction, with 
diiferent velocities, but with an almost even rate of speed 
in the case of each. Our Earth, however, is not only a 
moveable observatory, the motion of which compHcates 
the apparent movements of the planets in an extraordir 
nary degree, but from its position in the system all the 
planets are not seen with equal ease. In the first place, 
it is evident that only the superior planets are ever visible 




Digitized by 



CHAP. IV. 1 APPARENT MOVEMENTS. 



at midnight, as they alone can ever occupy the region 
opposite to the Sun's place at the time, which is the 
region of the heavens brought round to us at midnight 

by the Earth's rotation. Secondly, it is evident not 
only that, the inferior planets are always apparently near 
the Sun, but that when nearest to us their dark sides are 
turned towards us, as they are then between us and the Sun, 
and the Sun is shining on the side turned away from us. 

380. The greatest angular distance, in fact, of Mercury 
and Venus from the Sun, either to the east (left) or west 
(right) of it, called the eastern and western eloncatioiiSy 
is 29*^ and 47® respectively. As a consequence, our only, 
chance of seeing tiiese planets is either in the day-time 
(generally with the aid of a good telescope), or just before 
sunrise at a western elongation, or after sunset at an 
eastern elongation. ' When Venus is visible in these 
positions, she is called the momtns *tar and eveninc 
■tar respectively. 

381. la i' ig. 43 are shown a planet which we will lirsl 
lake to represent the Earth in its orbit, and an inferior 
planet at its conjunctions and elongations. In the first 
place it is obvious that, as stated in Art. 377, such a 
planet must exhibit phases exactly as the Moon does, 
and for the same reason ; and secondly, that the rate and 
direction, as seen from the Earth, which for the sake of 
simplicity we. will suppose to remain at rest, will both 
vary. At superior conjunction the planet will appear to 
progress in the true or direct direction pointed out by 
the outside arrow, but when it arrives at its eastern 
elongation it will appear to be stationary, because it is 
then for a short time travelling exactly towards the Earth. 
From this point, instead of journeying from right to left, 
as at superior conjunction, it will appear to us to travel 
from left to right, or retrogrades until it reaches the 
point of westerly elongation, when for a short time it 
will travel exactly from the Earth, and ac^ain appear 
stationary, after which it recovers its direct motion. 
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The only difference made by the Earth's own move- 
ments in this case is, that as its motion is slower than 
and in the same direction as that of the inferior planet, the 
times between two successive conjunctions or elongations 
will be longer than if the Earth were at rest. 

382. As seen from the Earth, the superior planets 
appear to reach stationary points in the same manner, 
but for a different reason. At the moment a superior 
planet appears stationary, the Earth, as seen from 
that planet, has reached its point of eastern or 
western elongation. In fact, let P in Fig. 43 repre- 




Fic. 43. — Diagram explaining the Retrojjradations, Elongations, and 

Siatiunary Points of Planets, 



sent a superior planet at rest, and let the inferior planet 
represented be the Earth. From the western elongation 
through superior conjunction, the motion of the planet 
referred to the stars beyond it will be direct — i.e, from 
*i to *2, as shown by the outside arrow ; when the Earth 
is at its eastern elongation, as seen from the planet, the 
planet as seen from the Earth will appear at rest, as we 
are advancing for a short time straight to it. When this 
point is passed, the apparent motion of the planet will be 
reversed; it will appear to retrograde from *2 to *!, 
as shown by the inside arrow. 

383. As in the former case, the only difference when 
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we deal with the planet actually in motion, will be that the 
times in which these changes take place will vary with 
the actual motion of the planet ; for instance, it will be 
much less in the case of Neptune than in the case of 
Mars, as the former moves much more slowly. 

A. In consequence of the Earth's motion, the period 
iOxwhich a planet regains the same position with regard 
to the Earth and Sun is different from the actual period 
of the planet's revolution round the Sun. The time in 
which'^a position^ such as conjunction or opposition, is 
regained, is called a synodic period. They are as follow 
for the different planets : — 

Mean Solar 

Days. 

fvlercury 1 15*^7 

Venus 5^3'92 

Mars 7 79 '94 

Jupiter 39^87 

Saturn 37809 

Uranus 369*66 

Neptune 367*49 

Now these synodic periods are the periods actually ob- 
served, and from which the times of revolution of the 
planets round the Sun, or their periodic times, have been 
found out This is easily done, as follows : Let us repre- 
sent the periodic times of any two planets by O and I ; 
O representing the outside planet <k the two, and I the 
inside one ; and let us begin with the Earth and Mercury. 
As the periodic time is the time in which a complete 
circuit round the Sun, or 360'', is accomplished; in one 
day, as seen from the Sun, the portion of the orbit passed 

over would be equal to 360** divided by I and O ; or - — 

, 360° ^ . , 360^ 
and ^Q-, the dillerence between these, or ~j "^j- 

will be the number of degrees which the inside planet 
gains daily on the outside one. 
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385, The actually observed interval from one conjunc* 
tion of the two planets to the next, we will represent by 
T ; but it is evident that in this time the inner one has 
gained exactly one complete revolution, or 360% upon the 
outer one ; in fact, the outer one will have advanced a 
certain distance, and the inner one will have completed a. 
revolution, and in addition advanced the same distance 
before the two planets are together again. Therefore, 

will represi^nt the daily rate of separation, which We 

360° 360° 

have seen is also shown by - ^ q ; 

, , \ jjSd" 360** 360'' 
Tue may therefore say = q- . • . (i) 

In this case we want .to know I, or the periodic time of 
Mercury, and we know by observation, T, the synodic 
period of Mercury and the Earth, which is given' in the 
previous table as iiS'S/N^ays, and O, the time of revolu- 
tion of the Earth = 365 256 days. We therefore trans- 
pose the equation to get ^e unknown quantity on one 
side, and the known ones on vthe other : we get 

360° 360^ 360"^ 
T~ ^ "T" + o • 
Dividing by 360% we also get— 



I I I 



\ 



r " f + 6* \ 

Substituting the known values, we have 

I 115-87 3^5 256. 
Finding the value of this fraction, we get 

I I 

1 " ^77,. 

and thereiure 

I = 877 days. 
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I. Next let us take the Earth and Jupiter. In this 
case, as Jupiter is now the outside planet, we must trans- 
pose equation (i): — 

360° _ 360^ 360^ 
T 1^0 

into 

as O, or the periodic time, is the unknown quantity, and 
I and T are the two known ones. Proceeding as beforej 
we get 

£1 i;_ 

O 363^3^-> 398-87 ; 

I I 

\ or ;^ = 



O 43329 
or O = 4332 9 days. 
The periodic time of Jupiter is therefore 4332 9 days. 

387. \\ c may also use equation (i) when, having the 
periodic times of two planets given, we wish to determine 
their synodic time. In this case T is the unknown 
quantity, and T and O the known ones. Let us take the 
Karth and Mars, whose periodic times are nearly 365*256 
and 686*9 respectively. We have 

_ I I 

t " i o' 
I I I 

or 



T ~ 365-256 6869, 
which is equal to 



I 



T " 779'9, 
or T = 779'9 days. 
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Lesson XXXII. — Apparent Movements of the Plands 

{continued). Inclijiations and Nodes of the Orbits, 
Apparent Paths anio?ig the Stars. Effects on Physical 
Observations. Mars, Saturn's Rings, 

388. If the motions of the planets were confined to the 
plane of the ecliptic, the motions, as seen from the Earth, 
would be along the same path as that followed by the Sun ; 
but as we have seen, the orbits are all inclined somewhat 
to that plane. Here is a table of the present inclinations, 
and positions of the ascending nodes (Art 233) : — 





IncUnatioa of 


Longitude of 




Orbit. 


Ascending 
0 


Node. 


Mercury . 


..705. 


. . • 45 


57 




. . 3 23 29 . 


. . . 74 


51 






. . . 47 


59 






. . . 98 


25 






. . . Ill 


56 


Uranus , . 


. . 0 46 28 . 


. . . 72 


59 


Neptune . . 


• • I 4^ 59 • 


. . . 130 


6 



889. A moment's thought will convince us that the 
apparent distance of a planet from the plane of the ecliptic 
will be greater, as seen from the Earth, if the planet is 
near the Earth at the time of observation ; and it also 
follows that as the distance of the planet from the Earth 
must thus be taken into account, the distance above or 
below the plane of the ecliptic will not appear to vary so 
regularly when seen from the Earth as it would do could 
we obseive it from the Sun. 

390. Moreover, it should be clear that when the piaaet 
is at a nodei it will always appear in the ecliptic. 
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391. Fig. 44 re- 
presents the path 
of Venus, as seen 
from the Earth 
from April to Octo- 
ber i86S. A study 
of it should make 
what has already 
been said about 
the apparent mo- 
tions of the planets 
quite clear. From 
April to June the 
planet's north lati- 
tude is increasing, 
while the node and 
stationary point — 
which in this case 
are coincident, 
though they are 
not always so — are 
reached about the 
25th of June. The 
southern latitude 
rapidly increases 
until, on the 9th 
August, the other 
stationary point 
is reached, after 
which the south 
latitude decreases 
again. 

392. In Fig. 45 
is represented the 
path of Saturn 
from 1862 to 

A comparison of 
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this with the preceding figure shows how the distance of 

a planet from the Earth 
influences the shape of its 
path. In this case, as the 
planet's own motion is, un- 
like that of Venus, appar- 
ently slow, the Earth's cir- 
cular motion is as it were 
reflected, and between each 
opposition we have a loop, 
the ends of which are repre- 
sented by the stationary 
points. 

Moreover, it will be seen 
that the planet during the 
time was north of the ecHp- 
tic, or in that part of its orbit 
situated above the plane of 
the Earth's motion round 
the Sun, and that the north 
latitude was increasing. Still, 
for all this, it was situated 
south of the equator, and 
its south declination, or its 
distance south of that line, 
was increasing. Hence, year 
by year, although it is get- 
ting more above the ecliptic, 
it is getting more below the 
equator. Let this be com- 
pared with what was said 
about the motion of the 
\7fV^^^^^^^^^^^^ Moon in Art. 370, and it 

to ^865. (Prorent Pad. from ^.jj ^^.^^^^ ^^^^ ^^^^ 

^^jcrht nbnv*. *t, , .° on the meridian the planet's 

?!^e1f re^rhf . "^ 'H decrease, until the planet 

,t5e reacnes that part of the ec.-,iiptic 23^° south of the 
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equator — in fact, until its position is near that occupied 
by the Sun in mid-winter. ^^v*^*'^\^ 

393. The apparent path of a planet, then, is moulded, 
as it were, by the motions of the Earth and the inclination 





Fig. 46.— The Orbits of Mars and the Earth. 



> of its own orbit. If we examine into the position of the 
J orbit of Mars, for instance, more closely than we have 
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/ hitherto done, we shall see how the ellipticity of the orbit 
and its inclination affect our observations of the physical 
features. Fig. 46 shows the exact positions in space of 
the orbits of the Earth and Mars, and the amount and 
direction of the inclination of their axes, and the line of 
Mars' nodes : both planets are represented in the positions 
they occupy with respect to the Sun at the winter solstices 
of their northern hemispheres. The lines joining the two 
orbits indicate the positions occupied by both planets at 
successive oppositions of Mars, at which times, of course, 
\ Mars, the Earth, and the Sun are in the same straight 
\ line (leaving the incUnation of Mars' orbit out of the 
i question). 

394*. It is seen at a glance that at the oppositions of 
\ 1S30 and i860 the two planets were much nearer together 
Uhan in 1867 or 1869. 

! The figure also enables us to understand that in the 
case of an inferior planet, if we suppose the perihelion 
of the Earth to coincide in direction, or, as astronomers 
/put it, to be in the same heliocentric longitude as the 
' aphelion of the planet, it will be obvious that the con- 
junctions which happen in liiis part of liic orbits of both 
^ will bring the bodies nearer together than will the con- 
i junctions which happcn'clscwherc. Similarly, if we suppose 
the aphehon of the Earth to coincide with the perihelion 
of a superior planet, as in the case of Mars, it will be 
obvious that the opposition which happens in that part 
of the orbit will be the most favourable for observation. 
The Earth's orbit, however, is so nearly circular that 
the variation practically depends more upon the eccen- 
tricity of the orbits of the other planets than upon our 
own. 

I The figure also shows us that when Mars is observed 
at the solstice indicated, we see the southern hemisphere 
of the planet better than the northern one ; while at those 

^ oppositions which occur when the planet is at the opposite 
i>ui^tice, the northern hemisphere is most visible. But we 
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see the northern hemispliere in the latter case better than 
we do the southern one in the former, because in the 
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latter case the planet is to the north of the ecliptic, and 
therefore in a better position for observation in northern 
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latitudes ; and in the former it is below the ecliptic, and 
we see less of the southern hemisphere than we should do 
were the planet situated in the ecliptic. 

395. Fig. 47 shows the same effect of inclination in 
the case of the rings of Saturn. The plane of the rings 




Fig. 48. — Appearance of Saturn when the plane of the ring-system passes 

through the Earth. 



is inclined to the axis, and, like the axis, always remains 
parallel to itself. A study of the figure will show that 
twice in the planet's year the plane of the rings must 
pass through the Sun ; and while the plane is sweeping 




Fig. 49. — Saturn, as seen when the north surface of the rings is presented 

to the Earth. 



across the Earth's orbit, the Earth, in consequence of its 
rapid motion, may pass two or three times through the 
plane of the ring. Hence the ring about this time may 
be invisible from three causes: (i) Its plane may pass 
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through the Sun, and its extremely thin edge only will be 

lil up. (2) The plane may pass through the Earth ; and 
(3) the Sun may be lighting up one surface, and the other 
\ may be presented to the Earth. These changes occur 
Jabout every fifteen years, and in the mid interval the 
- surface of the rings — sometmies the northern one, at 
^others the southern — is presented to the Earth in the 
\ greatest angle. 

^ In Plate X. Saturn was represented with the south 
\surface of the rings presented to the Earth. In Fig. 48 
the appearance when the plane of the ring passes through 
the Earth is given ; and in Fig. 49 we have the aspect of 
the planet when the north surface of the ring is visible. 
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CHAPTER V. 

THE Mi::ASUREMENT OF TIME. 

Lesson XXXIII. — Ancient Methods of Measurement. 
ClepsydrcB, Sun-Dials. Clocks and Watches, Mean 
Sun, Equation of Time* 

396. Having dealt with the apparent motions of the 
heavenly bodies, we now come to what those apparent 
motions accomplish fdr us, namely the division and exact 
Measurement of Time. For common purposes, time is 
measured by the Sun, as it is that body which gives us 
the primary division of time into day and night \ but for 
astronomical purposes the stars are used, as the apparent 
motion of the Sun is subject to variation. 

397. The correct measurement of time is not only one 
of the most important parts of practical astronomy, but it 
is one of the most direct benefits conferred on mankind 
by the science ; it enters, in fact, so much into every aftair 
of life, that we are apt to forget that there was a period 
when that measurement was all but impossible. 

398. Among the contrivances which were to the an* 
cients what clocks and watches are to us, we may mention 
cl«p07dm and smipduas. Of these, the former seem the 
more ancient, and were used not only by the Greeks and 
Romans, but by other nations, both Eastern and Western, 
the ancient Britons among them. This instrument in its 
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simplest form resembled the hour-glass, water being used 
instead of sand, and the flow of time being measured by 
the flow of the water. After the time of Archimedes, 
clepsydrae of the most elaborate construction were 
common ; but while they were in use, the days, both 
winter and summer, were divided into twelve homrs from 
sunrise to sunset, and consequently the hours in winter 
were shorter than the hours in summer; the clepsydra, 
therefore, was .ilmost useless except for measurin-^ in- 
tervals of time, unless different ones were employed at 
different seasons of the year. 

399. The sun-dial also is of great antiquity ; it is re- 
ferred to as in use among" the Jews 742 n.C. This was a 
great improvement upon the clepsydra ; but at night and 
in cloudy weather it could of course not be used, and the 
rising, culmination, and setting of the various constella- 
tions were the only means av^ailablefor roughly telling the 
time during the night. Indeed* Euripides, who lived 
480—407 B.C., makes the Chorus in one of his tragedies 
ask the time in this form : — 

" What U the star now passing ? " 

and the answer is^ 

"The PIfin,cle.s show llirm^rh-i s in ihr^ "Fast ; 

The Eagle soars in the summit of heaven." 

It is also on record that as late as A.D. 1 108 the sacristan 
of the Abbey of Cluny consulted the stars when he wished 
to know if the time had arrived to summon the monks to 
their midnight prayers ; and in other cases, a monk re- 
inained awake, and to measure the lapse of time repeated 
certain psalms, experience having taught him in the day, 
by the aid of the sun-dial, how many psalms could be 
said in an hour. When the proper number of psalms had 
been said, the monks were awakened.* 

To understand the construction of a sun-dial, let 

* Arago. 
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us imagine a transparent cylinder, having an opaque axis, 
both axis and cylinder being placed parallel to the axis of 

the caiih. If the cylinder be exposed to the sun, the 
shadow of the axis will be thrown on the bide of the 
cylinder away from the sun ; and as the sun appears to 
travel round the earth's axis in 24 hours^ it will equally 




Fig. 50. — >nn-dial. (AB, axis cf cylinder; MNy PQ, two Sun-dials, con. 
Ktructed ;it different angles to the plane of the bonzoni showing how the 
imaginary cylinder determines the bour-lines,) 

appear to travel round the axis of the cylinder in 24 
hours, and it will cast the shadow of the cylinder's axis 
on the side of the cyhnder as long as it remains above 
the horizon. All we have to do, therefore, is to trace on 
the side of the cylinder 24 lines 15 ^ apart (15 X 24 — 36c), 
taking care to have one line on the north side. When 
the sun is south at noon, the shadow of the axis will be 
thrown on this line, which we may mark XII., when the 
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sun har> advanced one hour to the west, ihe shadow will 
be thrown on to the next line to the east, which we may 
mark I., and so on. 

AOl, The distance of the sun above the equator will 
evidently make no difference in the lateral direction of the 
shadow. 

4.0a. In practice, however, we do not want such a 
cylinder ; all we want is a projection called a style, 
parallel to the earth's axis, like the axis of the cylinder, 
and a dial* The dial may be upright or horizontal, or 
inclined in any way so as to receive the shadow of the 
style, but the lines on it indicating the hours will always 
be determined by imagining such a cylinder, slicing it 
down parallel to the plane of the dial, and then joining 
the hour-lines on its surface with the stvie where it meets 
the dial. We shall return to the sun-dial after we have 
said something about clocks and watches. 

AOS. The principle of both clocks and watches is that 
a number of wheels, locked together by cogs, are forced 
to turn round, and arc prevented doing so too quickly. 
The force which gives the motion may be either a weight 
or a spring : the force which arrests the too rapid motion 
may either proceed from a pendulum, which at every swing 
locks the wheels, or from some equivalent arrangement. 

404, The invention of clocks is variously ascribed to 
the sixth and ninth centuries. The first dock in England 
was made about 1288, and was erected in Old Palace 
Yard. Tycho Brahe used a clock, the motion of which 
was retaided or regulated by means of an alternating 
balance formed by suspending two weights on a horizontal 
bar, the movement being made faster or slower by .dtering 
the distances of the weights from the middle of the bar. 
But the Clock, as an accurate measurer of time, dates 
from the time of (lalileo 0^)39) and Huygens (1656). 

In both clocks and watches we mark the flow of 
time by seconds, such that sixty of them make a minute, 
sixty of which make an hour, twenty-four of which make 
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a day. Those people who are not astronomers are quite 

satisfied with this, and a day is a word with a certain mean- 
ing. The astronomer, however, is compelled to qualify it — 
to put some other word before it — or it means very little to 
him, because, as we have seen (Art. 358), the term day may 
mean either the return of a particular meridian to the same 
star a[;;ain or to the sun a<^ain. The term, ns it is com- 
monly used, means neither the one nor the other, because 
long ago, when it was found that in consequence of the 
motion of the earth not being uniform in its orbit round 
the sun (Art. 359), the days, as measured by the sun, were 
not equal in length, astronomers suggested, with a view of 
establishing a convenient and uniform measure of time 
for civil purposes, that a day should be the average of all 
the days in the year. So that our common day is not 
measured by the true sun^ as a sun-dial measures it, but 
b}' what is called the mean (or average) sun. 

4.O6. 1 or a long time after clocks and watches were 
made with considerable accuracy, it was attempted to 
make them keep time with the sun-dial, and for this 
purpose they were regulated once a day, or once a week, 
ignorant people taxing the maker with having supplied 
an imperfect instrument, as it would not keep time with 
the sun. 

Let us inquire into the motion of the imaginary 
mean sun, by means of which the irregularities of the sun's 
apparent daily motion, and the unequal hours we get as. a 
consequence from sun-dials, are obviated. 

4>oa. In the first place, the real sun's motion is in the 
ecliptic, and is variable. Secondly, the sun crosses the 
equator twice a year at the equinoxes, at an angle of 
23^^ and midway between the equinoxes — that is, at the 
solstices— its path 13 almost parallel with the equator. 
TlKicfnre, the sun's ecliptic motion, referred to the 
equator, is variable for two causes: — 

I. The real motion is variable. 
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II. The motion is at difTerent angles to the equator, and 
therefore referred to that line is least when the angle is 
greatest. 

Let us first deal with the fir?t cause— the in- 
equality of the real sun's motion. When the earth is 
nearest the sun^ about Jan. the sun appears to travel 
through I** 1' 10'' of the ecliptic in 24 hours ; at aphelion^ 
about July the daily arc is reduced to 57' 12^ The 
first thing to be done therefore is to give a constant 
motion to the mean or imaginary sun. As the real sun 
passes through 360^ in 365d. sh. 48m. 47'8s., we have 

One year : one day : : 360^ : daily motion ; 

and this rule of three sum tells us that the mean daily 
motion = 59' 8" '33 ; and this therefore is the rate at 
which the mean sun is supposed to travel. 

410. If the true sun moved in the equator instead of in 
the ecliptiCi a table showing how far the mean and true 
sun were apart for every day in the year would at once 
enable us to detennine mean time. 

411. But the true sun moves along the ecliptic, while 
the mean sun must be supposed to move along the equator ; 
so that it may be carried evenly round by the earth's 
rotation. This brings out the second cause of the in- 
equality of the solar days. At some times of the year (at 
the solstices) the true sun moves almost parallel to the 
equator, at other times (at the equinoxes) it cuts the 
equator at an angle of 2^\^ ; and when its motion is re- 
ferred to the equator, time is lost. This will be rendered 
evident if on a celestial globe we place wafers, equally 
distant from the first point of Aries, both on the equator 
and the ecliptic, and bring them to the brass meridian. 

412. We have, then, the mean sun, not sup- 
posed to move along the ecliptic at all, but 
along the equator, at an uniform rate of 0° 59' 8'''3 

a day (=-i-i j )> ^^^^^ started, bo to speak, from the 
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first point of Aries, where the ecliptic and equator cut 
each other, and at such a rate that, supposing the true sun 
to move along the ecliptic at an uniform rate, the positions 
of the true sun referred to the equator will correspond 
with the mean sun at the two solstices and the two 
equinoxes, this cause alone being considered. 

4>13. If the motion of the true sun were uniformi a 
correct clock would correspond with a correct 
sun-dial at these periods; between these periods they 
would indicate different times, as the true sun would lose 
time in climbing the heavens at its start from the point 
of intersection in Aries, and so on* 

AlA>* But we know the motion of the true sun is not 
uniform; it moves fastest when the earth is 
in perihelion, slowest when the earth is in 
aphelion ; and if we also take this irregular motion 
into account, we find that the motion of the real sun in 
the ecliptic is nearly equal to the motion of the mean 
sun in the equator four tunes a year, namely, — 

April 15 th. I August 31st. 

June 15 th. I Dec. 24th, 

415, At these dates we shall find the sun-dial and 
clock corresponding, but at the following dates we shall 
find differences as follows : — 

Minutes. 

Feb. nth + Hi 

May 14th — 4 

July 25th 6 

Nov. 1st — i6i 

which are the differences in time between the true and 
mean sun. Hence it is that in the almanacks we find what 
is termed the equation of time given, which is the time we 
must add to or substract from the time shown by a sun- 
dial^ to make the dial correspond with a good clock. For 
instance, at the period of the year at which the mean 
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Diagram showing how the equation of time is derived from two components. 
Ordinates above the datum lines are po'^itive ( + ), th jse below are negative( -). 
The curve a b c d represents t!»e differeaces between the mean and true 
Suns at ditTerent times of the year, due to the irregularity of the earth's 
motion round the Sun. and the curve 1234 represents the differences due to 
the obii4uuv uf the ecliptic, iiie equation of time cirv c i i. ii, k , ihtlcrivcd 
by taking the algebraical snm of tte ordinates of the other two. Sometimes 
the ordinates of the two components act against each other, but at other times 
they act together. Thus, on April 15 the + due lu curve a BCD is exactly 
neutralised by the ~ due to x 2 3 4. and the equation of time is nil. but on 
Feb. zi they act together and the resulting e«itiation of t.nie it + 14! minutes. 
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sun souths before the true sun, the clock will get before 
the dial, and we must add the equation of time to the 
time shown by the true sun. 

410. When the earth is in perihelion, or — ^what comes 
to the same thing— when the sun is in perigee, the real 
sun moves fastest. The mean sun therefore souths before 
the true sun because a given meridian is brought by the 
earth's rotation to the mean sun before the true sun, and 
the dial will be behind the clock. When the sun 
is in apogee, the /rue sun will south first, and the clock 
will be behind the dial. The equation of time will 
therefore be additive or subtractive, or, as it is expressed, 
+ or - with regard to tiie time shown by the true sun, or 
to apparent time. 

417. S0| to refer back to Art. 41 5, in November we must 
deduct i6]m. from the apparent time, and in February wc 
must add I4^m. to apparent time, to get clock time. In 
November, therefore, the true sun sets i6m. earlier than 
it would do if it occupied the position of the mean sun, by 
which our clocks are regulated. In February it sets 15m. 
later, and this is why the evenings begin to lengthen after 
Christmas more rapidly than they would otherwise do. 

4>18. From an observation of the true sun with the aid 
of the equation of time, which is the angular distance in 
time between the mean and the true sun, we may readily 
deduce mean time. Suppose the true sun to be observed 
on the meridian of Greenwich, Jan. i, 1887: it would 
then be apparent noon at that meridian ; the equation of 
time at this instant is 3m. 46*693. as given in the almanacs, 
and is to be added to apparent times hence the corre- 
sponding mean time is Jan. i, oh. 3m. 46*69; that is to 
say, the mean sun had passed the meridian previously to 
the true sun. 

In Plate XII. we have a graphic representation of the 

equation of time. Above and below the datum lines are 
scales of minutes. The curve a BCD represents the poruuii 
of the equation of time due to the inequality of the real 
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sun's motion, and the curve 1234 represents the in- 
equality due to the obliquity of the ecliptic. The curve 
E E' E" e'" is the algebraical sum of these, and represents 
the differences between mean lime and true time all 

the year rouini. 

Li.ssON XXX IV. — Difference oj Tune. Ho w dtiennined 
on the Terrestrial Globe. Greenwich Mean Time. 
Length of the Various Days. Sidereal Tune. Con^ 
version 0/ Time, 

419, Having said so much of solar days, both apparent 
and mean, we must next consider the start-points of 
these reckonings. We have— I. the apparent solar day, 
reckoned from the instant the true sun crosses the meridian 
through about 24 hours, till it crosses it ai'-ain; II. the 
mean solar day, reckoned by the mean sun in the same 
manner. Both these days are used by astronomers. 
III. The elvii day commences from the preceding mid- 
night, is reckoned through 12 mean hours only to noon, 
and then recommences, and is reckoned through another 
12 hours to the next midnight. The civil reckoning is 
therefore always 12 hours in advance of the astronomical 
reckoning; hence the well known rule for determining the 
latter from the former, viz, : — For P.M. civil times, make no 
change ; but for A.M. ones, diminish the day of the month 
by 1 and adil 12 to the hours. Thus: Jan. 2, 7 h. 49m. 
P.M. civil time, is Jan. 2, 7h. 49m. astronomical time ; 
but January 2, 7h. 49m. A.M. civil time is January i, I9h. 
49m. astronomical time. The distinction, iiowcver, be- 
tween civil and astronomical reckoning is about to dis- 
appear, Greenwich civil time, counting from midnight to 
midnight, and from o to 24 hours will be adopted in the 
" Nautical Almanac for 1891. 

4ao. Now the position of the sun, as referred to the 
centre of the earth, is independent of meridians, and is the 
same for all places at the same absolute instant ; but the 
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time at which it transits the meridian of Greenwichi and 

any other meridian, will be different. In a mean solar day, 
or 24 mean solar hours, the earth, by its rotation from 
west to cast, has caused every meridian in succession from 
east to west to pass the mean sun ; and since the motion 
is uniform, all the meridians distant from each other 1 
will have passed the mean sun, at intervals of one mean 
hour ; the meridian to the eastward passing first, or beinp^, 
as compared with the sun, always one mean hour in 
advance of the westerly meridian. When it is 6 hours 
after mean noon at a place 15"* west of Greenwich, it is 
therefore 7 hours after mean noon at Greenwich. When 
it is noon at Greenwich, it Is past noon at Parisi because 
the sun has apparently passed over the meridian of Paris 
before it reached the meridian of Greenwich. Similarly, 
it is not yet noon at Bristol^ for the sun has not yet reached 
the meridian of Bristol. 

4.21. In civilized countries, at the present moment, not 
only is tlie use of mean time universal, btit the mean 
time of the principal city or observatory is 
alone used. Tn England, for instance, Greenwich 
mean time (written G.M.T. for short) is used ; in France, 
Paris mean time ; in Switzerland^ Beme mean time, and 
so on* This has become necessary owing, among other 
things, to the introduction of railways, so that with tis 
Greenwich mean time is often called railmqr time. For- 
merly, before local time was quite given the churches 
in the West of England had two minute-handsi one show- 
ing local time, the other Greenwich time. 

4flfl. On the Continent, railway stations near the 
frontier of two states have their time regulated by their 
principal observatories. At Geneva, for instance, we see 
two clocks, one showing Paris time, and the other Beme 
time ; and it is very necessary to know whelhcr the time 
at which any particular train we may wish to travel in 
starts, is regulated by Paris or Berne time, as there is a 
considerable difference between them. 

p 
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4.23. Expressed in mean time, the length of the day is 

as foiiows : — 

Apparent solar day (Art 419) . . . variable. 

h. m. s. 

Mean solar day (Art. 419) , . . 24 o o 

Sidereal day (Art. 538) . . . .~ . 23 56 409 

Mean lunar day 24 54 o 

4>a4. It will be explained further on (Chap. VIL) that 
sidereal time is reckoned from the first point of Aries^ and 
that when the mean sun occupies the first point of Aries^ 

which it does at the vernal equinox, tlic indications of the 
mean- time clock and the sidereal clock will be the barnc ; 
but this happens at no other time, as the sidereal day is 
but 23h. 56m. 4s. (mean time) long, so that the sidereal 
clock loses about four minutes a dny, or one day a year 
(of course the coincidence is established ae^ain at tiie next 
vernnl equinox), as compared with the mean time one. 

4-115. A sidereal clock represents the rotation of the 
earth on its axis, as referred to the stars, its hour-hand 
performing a complete revolution through the 24 sidereal 
hours between the departure of any meridian from a 
star and its next return to it ; at the moment that the 
vernal equinox, or a star whose right ascension is 
oh. om. OS. is on the meridian of Greenwich, the sidereal 
clock ought to show oh. om. os., and at the succeeding 
return of the star, or the equinox, to the same meridian, 
the clock ought to indicate the san^c time. 

4>d6. Sidereal time at mean noon, therefore, is the 
angular distance of the fir^t point of Aries, or the true 
vernal equinox, frr)m the meridian, at the instant of mean 
noon : it is therefore the right ascension of the mean 
sun, or the time which ought to be shown by a sidn ciil 
clock at Greenwich, when the mean-time clock indicates 
oh. om. OS. 

4ft7« The sidereal time at mean noon for each day is 
given in the Nautical Almanac.'' Its importance will 
be easily seen from the following rules : — 
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TLE I. — To cm^wt mean wolar Into sldoreal tliiMi— * 

To tke sidereal time at the preceding mean noon add the 
slderaat interval corresponding to the given mean time : 
the sum will be the sidereal time required. 

KULE i r. To convert sidereal into mean solar time : — 
To the time at the preceding sidereal noon, add the mean 
interval corresponding to the given sidereal time; the 
sum will be the mean solar time required. 

428, Tabled of intervals are given in the Appendix, 
showing the vahic of seconds, minutes, &c., of sidereal 
time in mean time, and vice verstL 

429. Suppose, for instance, we wish, under Rule I., to 
convert 2h. 22m. 25*625. mean time at Greenwich, Jan. 7, 
1887, into sidereal time, we proceed as follows : — 

ht in. s. 

Sidereal t i me at the preceding mean noon \ _ _ ^ 
i.e. Jan. 7, from " Nautical Almanac " / ^ 

h. m. s. ^ 

For mean ( - ^ o ) We get in the f 20 197 13 

time inter J 22 o f table, equiva- 1 22 y(n\ . 

vals I 25 [ sidereal) 25069 

V. 0-623 intasyals. ( . 0622 

The sum is the sidereal time reqti^ed . • 21 29 45 44 

4>30. Suppose we wish, under Rule II , to convert 
2ih. 28m. I r36s. sidereal time at Greenwich, Jan. 7, 
18S7, into mean time, we proceed as follows : — 

h. in. s. 

Mean time at the preceding sidereal! g « 
uoon^ Jan. 6 / T ^ 1 1 40 

h. m. s. 

For side- f 2' % \ The table (205633-579 
real in- ^ 28 O I gives the \ 2755 413 
tervals 1 "1 equivalent ) 10*970 

o 36 J mean intervals. ( 0 359 

The sum is the mean time required, Jan. 7 . 2 20 5 1 8^ 

!• 2 
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49l^If the place of observation be not on the meridian 
of Greei!wich, the sidereal time must be corrected by the 
addition of 9^653. for each hour (and proportional parts 

for the minutes ami seconds) of longitude, if the place be 

to the west of Greenwich ; but by its sublraciion, if to the 
east. Thus in 9h. lom. 6s. west longitude, the sidereal 
time at mean noon, Jan. 7, YSS^^ instead of being, as in 
the foregoing examples, iQh. 6m. sG'i^^ must be corrected 
by addincT im. 30*375. , thus giving iQh.-^m. 2679s. for 
the time to be used, instead of that set llqwn in the 
column. 



Lesson XXXV.— Week. The Month. The Year. 
The Calendar. Old Style. New Style. 



4a8. Although the week, unlike the day, month, and 
year, is not connected with the movements of any 
heavenly body, the names of the seven days of which it 

is composed were derived by the Babylonians from the 
seven celestia] bodies then known. The order of succes- 
sion established by them was continued by the Romans, 
their names beinsr as follow : — 



Dies Saturni 

Dies Solis 

Dies LuticB , 
Dies Mart is . 
Dies Mcrcurii 
Dies Jovis . 
Dies Veneris 



Saturn's day 

Sun's day . . 
Moon's day . 
Mars' day 
Mercury's day 
Jupiter's day 
Venus's day • 



Saturday. 

Sun da V. 

Monday. 

Tiiesdaw 

Wednesday. 

Thursday, 

Friday. 



4-33. We sec at once the origin of our English names 
for the first three days ; the remaining four are named 
from Tiu, Woden, Thor, and Friga, Northern deities 
equivalent to Mars, Mercury, Jupiter, and Venus in the 
classic mvtholoorv. 

434>- We next come to the month. This is a period of 
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time entirely regulated by the moon's motion round the 

earth (see Lesson XVI.). 

l li^ lunar montli is the same as the lunation or synodic 
month] ii\\^ is the time which elapses between consecutive 
new or full moons, or in which the inoon returns to the 
same position relatively to the earth and sun. 

The tropical month is the revolution of the moon with 
respect to the moveable equinox. 

The sidereals^ontk is the interval between two succes- 
sive conjunction&^of the moon with the same fixed star. 

The anomaltotldy^montli is the time in which the moon 
returns to the samOv point (for examplej the perigee or 
apogee) of her moveaMe elliptic orbit. 

The nodical monfh the time in which the moon 
accomplishes a revolution with respect to her nodes, the 
line oi which is also moveable. 

The calendar montli is the month recognised in the 
almanacs, and consists of differeut^numbers of days, such 
as January, February, &c. 

4.35. The lengths of these various months are as 
follow : — 

Mean Time, 
d. Ik* in. %t 

Lunar, or Synodic month .... 29 J2 44 2*S4 

Tropical month 27 7 43 471 

Sidereal „ 27 7 43 11*54 

Anomalistic month 27 13 18 37*40 

Nodical „ 27 5 5^3560 

^36. ^\'e next come to the year. This is a term 
applied to the duration of the earth's movement round 
the sun, as the term day is applied to the duration of 
the earth's movement round its own axis ; and there are 
various sorts of years, as there are various sorts of days. 
Thus, we may take the time that elapses between two 
successive conjunctions of the sun, as seen from the earth, 
with a fixed star. This is called the sidereal year. 

437. Again, we may take the period that elapses be* 
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tweentwo successive passages through the vernal equinox. 
This is called the solar, or tropieml jemr, and its length 
is shorter than that of the sidereal one, because, owing to 
the precession of the equinoxes, the vernal equinox in its 

rece^rsion meets the sun, which therefore passes through 
it sooner than it would otherwise do. 

4-38. Again, we may take the time that elapses between 
two successive passages of the earth through the peri- 
helion or aphelion point ; and as these have a motion 
forward in the heavens, it follows th u this year, called 
aaonuOistic one, wiU be longer than the sidereal one. 

A39. The exact lengths of these years are as follow : 

Mean Time. 
d« b. In. s* 

Mean sidereal year .... 365 6 9 9 6 

Mean solar, or tropic.il year . 365 5 48 46*054440 
Mean anomalistic year . . . 365 6 13 49*3 

4 40. It is seen from this table that the solar year does 
not contain an exact number of solar days, but that in 
each year there is nearly a quarter of a day over. It is said 
that the inhabitants of ancient Thebes were the first to 
discover this. The calendar had got in such a state of 
confusion in the time of Julius Cresar, that ]\e called in 
the aid of the Egyptian astronomer Sosigenes to reform 
it. He recommended that one day, every four years, should 
be added by reckoning the sixth day before the kalends 
of March twice ; hence the term bissextile. 

441. With uSf in every fourth year one additional day 
is given to Fehruary. Now this arrangement was a very 
admirable one, but it is clear that ^e year was over- 
corrected. Too much was added^ and the matter was again 
looked into in the sixteenth century, by which time the over- 
correction had amounted to more than ten days, the vernal 
equinox falling on March 11, instead of March 21. Pope 
Gregory, therefore, undertook to continue the good work 
begun by Julius Caesari and made the following rule for 
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the future : — Every year divisible by 4 to be a bissextile, 
or leap-year, containing 366 days; every year not so 
divisible to consist of only 365 days ; every secular year 
(1800, 1900, &c.) divisible by 400 to be a bissextile, or 
leap-year, containing 366 days ; every secular year not so 
divisible tu consist of 365 days. 

4>4>2. The period by which the addition of one day in 
four years exceeds the proper correction amounts to 
nearly tiiree days in 400 years ; by the new arrangement 
there are only 97 intercalations in 400 } ears, instead 
of 100. This brings matters within 22*38$. in that period^ 
which amoimts to i day in 3866 years. 

443. The JnUaii calendar was introduced in the year 
44 aa ; the reformed GMcortaa one in 1582. It was not 
introduced into this country till 1752, in consequence of 
religious prejudices. With us the correction was made 
by calling the day after Sept. 3, 1752, Sept. 14. This was 
called the new style (n.s.), as opposed to the old style 
(O.S.). In Russia the old style is still retained, although 

it is customary to give both dates, thus : 1887 

444. It is impossible to overrate the importance of these 
various improvements devised for a better knowledge of 
the length of the tropical or solar year : if the calendar 
were not exactly adjusted to it, the seasons would not 
commence on the same day of the same month as they 
do now, but would in course of time make the com- 
plete circuit of all the days in the year ; January, or any 
other month, might fall either m spring, summer, autumn, 
or winter. 

4.45. At picscnt, owing to a change of form in the 
Earth s orbit (Chap. IX.), the tropical year diminishes in 
length at the rate of ^b^hs of a second in a century, and it 
is shorter now than it was in the time of Hipparchus by 
about 12 seconds.* 

446. If the tropical and the anomalistic year were of 

♦Hind. 
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equal lengths, it would follow that, as the seasons are 
regulated by the former, they would always occur in the 
same part of the Earth's orbit. As it is, however, the line 

joining the aphelion and perihelion points, termed the 
line of apsides, slowly changes its direction at such a 
rate that in a peiiud oi 21,000 years it makes a complete 
revolution. We have seen before (Art. 167) that at 
present we are nearest to the sim about Christmas time. 
In A.D. 6485 the perihelion point will correspond to the 
vernal equinox. 

AA7m As the length of the seasons, compared with 
each other, depends upon the elliptical shape of the Earth's 
orbit} it follows that variations in the relative lengths will 
arise from the variation in the position of its largest 
diameter. 
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CHAPTER VI. 

LIGHT.— THE TELESCOPE AND SPECTROSCOPE.* 

Lesson XXXVL—mta/ Light is; its Velocity; how 
determined. Aberration of Light. Reflection and 
Refraction, Index of Refraction, Dispersion, lenses, 

AA%. Modem science teaches us that light consists of 
undulations or waves of a medium called ether, which 
pervades all space. These undulations— these waves of 
Iight--are to the eye what sound-waves are to the ear, 
and they are set in motion by bodies at a high tempera- 
ture — the Sun, for instance — much in the same manner as 
the air is thrown into motion by our voice, or the surface 
of water by tin owing in a stone ; but tliough a wave 
motion results from all these causes, the way in which 
the wave travels varies in each case. 

As we have seen, light, although to us it seems 
instantaneous, requires time to travel from an illuminat/«^'* 
to an illuminati'f/ body, although it travels very quickly. 
What has already been said about the planet Jupiter and 
his moons will enable us readily to understand how the 
velocity of Ught was determined by Roemer. He found 
that the eclipses of the moons (which he had calculated 

• Sir lohn Herschel's work on *' The Telescope." and Sir Henry Roscoe's 
or Scbellen's work on Spectrum Analysis/' should here be consufled by the 
teadier. 
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beforehand) happened i6m. 36s. later when Jupiter was in 
conjunction with the Sun than when he was in opposition. 
Now we know (Art. 377) that Jupiter is further from us 
in the former case than in the latter, by exactly the dia- 
meter of the Earth's orbit He soon convinced himself that 
the difference of time was due to the light having so much 
further to travel. Now the additional distance, i.e. the 
diameter of the Earth's orbit, being 186,000,000 miles, it 
follows by a riile-of-three sum that light travels about 
186,300 miles a second. This fact has been abundantly 
proved since Roemor's time, and what astronomers call 
the aberration of lisht is one of the proofs. 



4>50. We may get an idea of the aberration of light by 
observing the way in which, when caught in a shower, 
we hold the umbrella inclined in the direction in which 

we are hastening, instead of over head, as we should do 
were we standing still. Let us make this a little clearer. 
Suppose I wish to let a drop of water fall through a tube 



A 
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without wetting the sides : if the tube is at rest there is no 

\ difficulty, it has only to be held upright in the direction AB ; 
but if we must move the tube the matter is not so ea'^y. 
( The diagram shows that the tube must be inclined^ or 
else the drop in the centre of the tube at a will no longer 
^ be in the centre of the tube at b ; and the faster the 
Vj tube is moved the more must it be inclined. Now we 
kJ may liken the drop to rays of light, and the tube to the 
\ telescope, and w e And that to see a star we must incline 
our telescopes in this way. By virtue of this, each star 
really seems to describe a small circle in the heavens, 
representing on a small scale the Earth's orbit; the 




Fig. 52. — Showing how .i ray coming from a star in the direction A B changet 
its direction, ia consequence of the refraction of the atmosphere. 

extent of this apparent circular motion of the star depend- 
ing upon the relative velocity of light, and of the Earth 
in its orbit, as in Fig. 51 the slope of the tube depends 
upon the relative rapidity of the motion of the tube and 

of the drop ; and we learn from the actual dimensions of 
the circle that liijht travels about 10.000 times faster 
than the Earth does— that is, about 186,000 miles a 
second. This velocity has been experimentally proved 
by M. Foucault and more recently by Professor Newcomb, 
by means of a turning mirror. 
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451. Now a ray of light is reflected by bodies which lie 
in its path, and is refracted^ or bent out of its course, when 
it passes obliquely from a transparent medium of a certain 
density, such for instance as air, into another of a different 
• density, such as water. 

4.52. By an effect of refraction the stars appear to 
be higher above the horizon than they really are. In 
Fig. 52, A B represents a pencil of light coming from a 
star. In its passage through our atmosphere, as each 
layer gets denser as the surface of the Earth is approached, 
the ray is gradually refracted until it reaches the surface 
at C, so that from C the star seems to lie in the direc- 
tion C B. 

4.53. The refraction of light can be best studied by 
means of a piece of glass with three rectangular faces, 




Fig. 53.— a Prism, showing its action on a beam of light. 



called a prism. If we take such a prism into a dark room, 
and admit a beam of sunlight through a hole in the shutter, 
and let it fall obliquely on one of the surfaces of the 
prism, we shall see at once that the direction of the ray 
is entirely changed. In other words, the angle at which 
the light falls on the first surface of the prism is different 
from the angle at which it leaves it. The difference 
between the angles, however, is known to depend upon a 
law which is expressed as follows: The sines of the 
angles of incidence and refraction have a con- 
stant proportion or ratio to one another. This 
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ratio, called the index of refraction, varies in difTerent 

substances. For instance, it is — 

2*9 for chromate of lead. 
2*o for flint ,^lass. 
I '5 for crown glass. 
I '3 for water. 

If we receive a beam after its passage through 
the prism on a piece of smooth white paper, we shall see 
that this is not all. Not only has the ray been bent 
out of its original course bodily, so to speak, but instead 
of a spot of white light the size of the hole which admitted 
the beam, we have a lengthened figure of various colours, 
called a spectrum. 

455. This spectrum will be of the same breadth as the 
spot which would have been formed by the admitted light, 
had it not been intercepted by the prism. The lengthened 
figure shows us, therefore, that the beam of light in its 
passage through the prism must have been opened out, 
the various rays of which it is composed having- undergone 
dihcrent degrees of deviation, which are exhibited to us by 
various colours — from a fiery brownish red where the re- 
fraction is least, to a faint reddish violet at the point of 
greatest divergence. This is called dispersion. 

456. If we pass the light through prisms of different 
materials, we shall find that although the colours always 
maintain the same order, they will vary in breadth or in 
degree. Thus, if we employ a hollow prism, filled with 
oil of cassia, we shall obtain a spectrum two or three 
tunes longer than if we used one made of common glass. 
This fact is expressed by saying that different media 
have different dispersive powers— that is, disperse 
or open out tlie lit^ht to a greater or less extent. 

4.57. Every species of light preserves its own relative 
place in the general scale of the spectrum, whatever be 
the media between which the light passes, but only in 
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order, not in degree ; that is, not only do the different 
media vary as to their general dispersive effect on the 
different kinds of light, but they affect them in different 
proportions. If, for instance, the green, in one case, 
holds a certain definite position between the red and the 
violet, in another case, using a different medium, this 
position will be altered. 

This is what is termed by opticians the irrationality of 
the dispersions of the different media — or shortlj^ the 
irrationality of the spectrum. ^ S 

4.58. What has been stated will enable us to undeTsta/id^ 
the action of a common magnifying-glass or lens. Thus 
as a prism acts upon a ray of light as shown in the above 
Fig. 53, two prisms arranged as in Fig. 54 would cause two 




Fig. 5 j.— Action of two rrisms placed base to base. 



beams coming from points at a and b to converge to one 
point at c. A lens, we know, is a round piece of glass, 
generally thickest in the middle, and we may look upon 
it as composed of an infinite number of prisms. Fig. 55 
shows a section of such a lens, which section, of course, 
may be taken in any direction through its centre, and 
a little thought will show that the light which falls on 
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its whole surface will be bent to c, which point is called 
the focus. If we hold a common burning-glass up to the 
sun, and let the light fall on a piece of paper, we shall find 
that when held at a certain distance from the lens a hole 
will be burned through it ; this distance marks the focal 




Fig. 55. — Action of a Convex Lens upon a beam of parallel rays. 



distance of the lens. If wc place an arrow, a b (Fig. 56), in 
front of the lens inn^w^ shall have an image of an arrow be- 
hind at a' b\ every point of the arrow sending a ray to every 
point in the surface of the lens ; each point of the arrow, 



in 




fi 



Fig. 56. — Showing how a Convex Lens. ///«, with an arrow, a by in front of 
it, throws an inverted image, a' b\ behind it. 

in fact, is the apex of a cone of rays resting on the lens, 
and a similar cone of rays, after refraction, paints every 
point of the image. At ^, for instance, we have the apex 
of a cone of rays, man, which rays are refracted so as 
to form the cone of rays, m a! painting the point a' in 
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the image. So with by and so with every other point. 
We see that the action of a lens, like the one in the 
figure, thickest in the middle, called a convex lens, is to 
invert the lmase< The line x y called the sxta of 
the lens. 

450. Such, then, is a lens, and such a lens we have in 
our eye ; and behind it, where the image is cast, as in the 
diagram, we have a membrane which receives the image 

as ihc photographer's ground glass or prepared paper 
does ; and when the image falls on this membrane, which 
is called the retina, the optic nerves telegraph as it were 
an account of the impression to the brain, and we see. 



Lesson XXXVW.—AchronuUic Lenses. The Telescope, 
lUuffdncUing Power. Magnifying Power. 

4.60. Now in order that we see, it is essential that the rays 
should enter the eye parallel or nearly so, and the nearer 
anything* is to us the larger it looks ; but if we attempt to 
see anythiiiL^ (|viiic close to the eye, we fail, because the 
rays are no longer parallel — they are divergent. Here 
the common magnifying-glass comes into use ; we place 
the glass close to the eye, and place the object to be 
magnified in its focus, — ^that is, at ^ in Fig. 55 : the rays 
which diveige from the object are rendered parallel by 
the lens» and we are enabled to see the object, which 
appears laige because it is so close to us. 

461. Similarly if we place a shilling twenty feet off, and 
employ a convex lens, the focal length of which is five 
feet, half way between our eye and the shilling, we shall 
have formed in front of the eye an image of Llic shilling, 
Vvhich being within six inches of the eye, while the real 
shilling is twenty feet off, will appear forty times larger, 
although in this case the image is of exactly the same 
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size as the shilling. So much for the action of a single 
convex lens. 

4>e2. Now, if instead of arranging the prisms as shown 
in Fig. 54, with their bases together, we place them point 
to point, it is evident that the rays falling upon them will 
no longer converge, or come together to a point. They 
will in fact separate, or diverge. We may therefore sup- 
pose a lens formed of an infinite number of prisms, joined 
together in this way ; such a lens is called a concave lens, 
and the shape of any section of such a lens and its action 
are shown in Fig. 57. 

463. In some lenses one surface is flat, the other being 
cither concave or convex ; so besides the bi-convex and 




Fig. 57. — Showing the action of a Bi-Concave Lens on a beam of 

Iiarallel rays. 



bi-concave, already described, we have plano-convex and 
plano-concave lenses. 

4.64.. Now we have already seen (Art. 458) that a lens is 
but a combination of prisms ; we may therefore expect that 
the image thrown by a lens will be coloured. This is the 
case ; and unless we could get rid of such effects, it would 
be impossible to make a large telescope worth using. It 
has been found possible however to get rid of them, by 
using two lenses of different shapes, and made of different 
kinds of glass, and combining them together, so making 
a combination called an aclironiatiC| or colourless, lena. 

Q 
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465* This is rendered possible by the varying disper- 
sive powers (Art 455) of different bodies. If we take two 
exactly similar prisms made of the same material^ and 
Iplace one on its side and the other behind it on one of 

its angles, the beam of light will be unaffected : one prism 
will exactly undo the work done by the other, and the ray 
will neither be refracted nor dispersed ; but if we take 
away the second prism and replace it by one made of a 
substance liaving a higher dispersive power, we shall of 
course be able to undo the dispersive work done by the 
first prism with a smaller thickness of the second. 

But this smaller thickness will not undo all the refrac- 
tive work of the first prism. 

Therefore the beam will leave the second prism colour- 
less, but refracted ; and this is exactly what is wanted ; 
the chromatte aberratton is corrected, but the com- 
pound prism can still refract, or bend the light out of its 
course. 

A66. An acliromatic lens is made in the same way as 
an achromatic prism. The dispersive powers of flint and 
crown glass are as "052 to '033. The front or convex lens 
is made of crown glass. The chromatic aberration of 
this is corrected by another bi-concave lens placed beiiind 
it of flint glass. The second lens is not so concave as the 
first is convex, so the action of the first lens is predomi- 
nant as far as refraction goes ; but as the second lens acts 
more energetically as regards dispersion, although it can* 
not make the ray parallel to its original direction, it can 
make it colourless, or nearly so. If such an achromatic 
lens be truly made, and its curves properly regulated, it is 
said to have its spherical aberration corrected as well 
as its chromatic one, and the image of a star will form a 
nearly colourless point at its focus. 

AS7. A little examinaliuii into the construction of the 
telescope will show us that the principle of its construction 
is identical with the construction of the eye, but the pro- 
cess carried on by the eye is extended : that is to say, in 



Digrtized by Google 



CHAP. VI.] 



LIGHT. 



227 



the eye nearly parallel rays fall on a lens, and this 
throws an image ; in the telescope nearly parallel 
fall on a lens, this lens throms 
an itnage, and then another lens 
enables the eye to form an image 
of the image by rendering the 
rays again parallel. These 
parallel rays then enter the eye 
just as the rays do in ordinary 
vision. 

A telescope, then, is a com- 
bination of lenses. 

4-68. In the figure, for in- 
stance, let A represent the first 
or front lens, called the objeot- 
glass, because it is the lens 
nearest to the object viewed ; 
and let C represent the other, 
called the eye-lens, because it is 
nearest the eye ; and let B repre- 
sent the image of a distant 
arrow, the beam of rays from 
which is seen falling on the 
object-glass from the left. This 
beam is refracted, and we get 
an inverted image at the focus 
of the object-glass, which is also 
the focus of the eye-lens. Now, 
the rays leave the eye-piece 
adapted for vision as they fall on 
the object-glass, so the eye can 
use them as it could have used 
them if no telescope had been 
there. 

-469. What then has the tele- 
scope done ? What is its power ? 
This question we will soon 
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answer ; and| first, as to what is called its inrnnlnating 
Foww. The mpertare of the object-glass, that is to say, 
its diameter, being larger than that of the pupil of our 
eye, its surface can collect more rays than our pupil ; if 

this surface be a thousand times ^^reater than that of our 
pupil, for instance,// collects a thousa7td times ?norc light^ 
and consequently the image of a star formed at its focus 
has a thousand times more light than the image thrown 
by the lens of our eye on our retina. 

But this is not quite true, because light is lost by re- 
flexion from the object-glass and by its passage through it. 
If, then, we have two object-glasses of the same size, one 
highly polished and the other less so, the illuminating 
power of the former will be the greater. 

The m&snifrii&ir p«wtr depends upon two things. 
First, it depends upon the focal length of the object-glass ; 
because if we suppose the focus to lie in the circumference 
of a circle having its centre in the centre of the lens, the 
image will always bear the same proportion to the circle. 
Suppose it covers i* ; it is evident that it will be larger in 
a circle of 12 feet radius than in one of 12 inches. That 
is, it will be larger in the case of a lens with 12 feet focal 
length than in one of 12 inches focal length. 

4.71. Having this image at the focus, the magnifying 
power of the eye-piece comes into play. This varies with 
the eye-piece employed, the ratio of the focal length of 
the object-glass to that of the eye-piece giving its exact 
amount ; that is to say, if the focus of the object-glass is 
100 inches, and that of the eye-piece one inch, the tele- 
scope will magnify 100 times. Bearing in mind that what 
an astronomer wants is a good clear image of the object 
observed, we shall at once recognise that useful magnify- 
ing power depends upon the perfection of the image 
thrown by the object-glass and upon the illuminating 
power of which we have already spoken. If the object- 
glass does not perform its part properly, a slight magni- 
hcation blurs the image, and the telescope is useless. 
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Hence many large telescopes are inferior to much smaller 
ones in the matter of magnifying power, although their 
illuminating power is so much greater. 

4-72. The eye-pieces used with the astronomical tele- 
scope vary in form. The telescope made by Galileo, 
simlhr in construction to the modem opera-glass, was 
furnished with a bi-concave eye-piece. As the action of the 
eye-piece is to render the rays parallel, this eye-piece is 
used between the object-glass and the focus, at a point 
where its divergent action (Art. 462) corrects the conver- 
gent action of the object-glass. 

A convex eye- piece for the same reason is placed outside 
the focus, as shown in Fig. 58. 

Such eye-pieces however colour the light coming from 
the image in the same way as the object-glass would 
colour the li^^ht going to form the image, if its chromatic 
aberration were not corrected. 

4-73, It was discovered by Huygens however that this 
defect might be obviated in the case of the eye-piece by 
employing two plano-convex lenses, the flat sides next the 
eye, a larger one nearest the image, called the field-lens, 
and a smaller one near the eye, called the eye-lens. This 
construction is generally used, except for aderometem 
(Art. 519), a name given to an eye-piece with spider-webs 
in the focus of the eye-piece for measuring the sizes of the 
different objects. In Uiis case the flat sides are turned 
away from the eye. 

474-. The telescope tube keeps the object-glass and 
the eye-piece in their proper positions, and the eye-piece 
is furnished with a draw-tube, which allows its distance 
from the object-glass to be varied. ^ / 
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Lesson XXX VI 1 1. — The 7>/^jy77^^ (continued). Powers 
of Telcscoprs of different A pcrtures. Large Telescopes, 
Methods of Mounting the Equatorial Telescope. 

• 

4>75. Very many of the phenomena of the heavens oiay 
be seen with a small telescope. In our climate a telescope 
with an object-glass of six inches aperture is probably 
the size which will be found the most constantly useful ; 
a larger aperture being frequendy not only useless, but 
hurtful Stilly 4i or 3} inches are useful apertures, and if 
furnished with object-glasses made of course by the best 
makers, views of the sun, moon, planets, and double stars 
may be obtained sufficiently striking to set many senoubly 
to work as amateur observers. 

Thus, in the matter of double stars, a telescope of two 
inches apertnrej with powers varying from 60 to loo, will 
show the following stars double ; — 

Polaris. y Arietis. a Geminonun. 

a Piscium. f Herculis. y Leonis. 

fi Draconis. i Ursa; Majoris. ^ Cassiopeiae. 

A 4-inch aperture, powers 80-120, reveals the duplicity 
of— 

{i Orionis. a Lyrae. h Geminorum. 

f Hydrije. f Ursa? Majoris. o- Cassiopeiae. 

c Bootis. y Ceti. c Draconis. 

And a 6-inch, powers 240-300 — 

€ Arietis. X Ophiuchi. c Equulei. 

^ Cygni. 20 Draconis. f Herculis. 

32 Orionis. k Genunorum. 

4>76. Observations should always be commenced with 
the lowest power^ or eye-piece, gp'aduaUy increasing it until 
the limit of the aperture, or of the atmospheric condition 
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/at the time, is reached : the former being taken as equal 

to the number of hundredths of inches which the diameter 
of the object-glass contains. Thus, a 3|-inch object-glass, 
if really good, should bear a power of 375 on double stars 
where light is no object ; the planets, the moon, &c., will 
be best observed with a much lower power. 

477. In the case of stars, owing to their immense dis- 
tance, no increase in their size follows the application 
of higher magnifiers. With planets this is different, each 
increase of power increases the size of the image, and 
therefore decreases its brilliancy^ as the light is spread 
over a larger area. Hence the magnifying power of a 
good telescope is always much higher for stars than for 
planets, although at the best it is always limited by the 
state of the air at the time of observation. 

4>78. It is always more or less dangerous to look at the 
Sun directly with a telescope of any apcrUuc above two 
inches, as the dark ghisses, without which the observer 
would be at once blinded, are apt to melt and crack. 

A diagonal reflector, however, which reflects an ex- 
tremely small percentage of light to the eye, and by reason 
of its prismatic form refracts the rest away from the tele- 
scope, affords a very handy method of solar observation. 

Care should be taken that the object-glass is properly 
adjusted. This may be done by observing the image of a 
large star out of focus. If the light be not equally dis- 
tributed over the image, or the circles of light which are 
always seen in a good telescope are not perfectly circular, 
the telescope should be sent back to the optician for 
adjustment. 

479- The testing of a good glass refers to two different 
qualities which it should possess. Its quality, as to 
material and the fineness of its polish, should be such 
that the maximum of light shall be transmitted. Its 
quality as to the curves should be such that the rays 
passing through every part of its area shall converge abso- 
lutely to the same point, with a chromatic aberration 
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sufficient to surround objects witli a faint dark blue 
light. 

To give an idea of the great accuracy with which 
a fine object-glass refracts the light transmitted, we will 
take for example an object-glass of 8 inches aperture and 
ID feet focal length, which, if a fine one, will separate the 
components of )^ Andromedae, whose angular distance is 
about half a second — ^that is, it will depict at its focus two 
minute discs of light fairly separated, the distance of 
whose centres, as above stated, is half a second. To c<»ne 
at the value of this half-second, as measured on a scale of 
inches and parts of an inch, we must consider the cenUc of 
the object-glass to be the centre of a circle whose radius 
is the focal length of the object-glass. The focal value of 
a degree of such a circle is 2*0944, or nearly inches ; of 
a minute, '0349 of an inch ; of a second, '0005818, or 5 ^^^5^ 
of an inch nearly ; of half a second, 0002909 inch, which 
is little more than the fourth part of the one-thousandth 
of an inch. Light from a fixed star passing through four 
refracting surfaces, and half an inch or more in thickness of 
^ glass, and filling 50 square inches of surface, and travelling 
120 inches down the tube, is so accurately concentrated 
at the focal point as all to pass through the smallest hole 
that could be made with the most delicate needle-point 
through a piece of fine paper. This requires a degree of 
accuracy in the figuring; and poliiliing of the material of 
the lenses almost inconceivable. 

4.8I. We have so far confined our attention to the 
principles of the ordinary astronomical telescope, and we 
have dealt with it in its simplest form. There are other 
kinds ; the construction of some of which depends upon 
reflection i that is to say, the light is reflected by a concave 
mirror instead of being refracted by a lens ; but we need 
not dwell upon them. Let us next inquire what the very 
largest telescope really can do. The largest reflraetmr— 
as the refracting telescopes are called-in the world 
has recently been completed by Messrs. Alvan Clark 
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and SonS| American opticians of great eminence, for the 
Pulkowa Observatory, near St Petersburg. The object- 
glass is 30 inches in diameter. Now, the pupil of our eye 
is one-fifth of an inch in diameter : this object-glass, there- 
fore, will giasp 22,500 times more light than the eye can : 
if used when the air is pure, it should easily bear a power 
of 3,000 on the Moon ; in other words, the Moon will 
appear as it would were it 3,000 times nearer to us, or at 
a distance of 78 miles, instead of, roughly, 234,000 ; 
measuring from the surfaces of the Earth and Moon^ and 
not from their centres. 

The largest reflector in the world has been constructed 
by the late Earl of Rosse ; its mirror, or speculum, is six 
feet in diameter^ and its illuminating power is such that 
it enables us to see^^as clearly as the heavens shine 
to us on a cloudless evening, the details of a starry uni- 
verse, stretching into space five hundred times further 
than those depths at which we are accustomed to gaze 
almost in oppressive silence."* 

4^2. An astronomer wants telescopes lor two kinds of 
work : he wants to watch the heavenly bodies, and study 
their physical constitution ; and he wants to note their 
actual places and relative positions ; so that he mounts 
or arranges his telescope in several different ways, 

483. For the first requirement it is only essential 
that the instrument should be so arranged that it can 
command every portion of the sky. This may be accom* 
plished in various ways : the best method of accomplish* 
ing it is shown in Plate XI IL, which represents an 
8-inch telescope, equatorially mounted — or, shortly, an 
eqinailmial— that is, an instrument so mounted that a 
heavenly body may be followed from rising to setting by 
one continuous motion of the telescope, which motion 
may be communicated by clockwork. 

4-84-. In this arrangement a strong iron pillar supports 
a head-piece, in which is fixed the polar axis of the mstru- 

• NichoL 
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ment parallel to the axis of the Earth, which polar aads 
is made to turn round once in twenty-four hours by the 
clock shown to the right of the pillar. 

485. It is obvious that a telescope attached to such an 
axis will always move in a circle of declination, and that 
a clock, carrying the telescope in one direction as fast as 
the Earth is carrying the telescope from a heavenly body 
in the opposite one, will keep the telescope fixed on the 
object. It is incnnvenient to attach the telescope directly 
to the polar axis, as the range is then limited : it is 
fixed, therefore, to a declination axis, placed above the 
polar axis^ and at right angles to it^ as shown in the 
plate. 

496. For the other kinds of work, telescopeS| generally 
of small power except in important observatoriesi are 
mounted as altaslmnfba, traaalt-iiMtriiiiioiito, transit- 
elrdeaj and senltb-Metom. These descriptions of 
mounting) and their uses, will be described in Chap. VII. 

r 



Lesson XXXIX— 77/^? Solar Spectrum. The Spectro- 
scope. Kirchhoj/ 's Discovery. Physical Constitution 
o/ the Suu. 

4-87. A careful examination of the solar spectrum has 
told us the secret of the enornxous importance of solar 
radiation (Art. 124). Not only may we liken the gloriously 
coloured bands which we call the spectrum to the key- 
board of an organ — each ray a note, each variation in 
colour a variation in pitch— but as there are sounds in 
nature which we cannot hear, so there are rays in the 
sunbeam which we cannot see. 

4.88. What we do see is a band of colour stretching 
from red, through yellow, green, blue, violet, indigo, to 
lavender, but at either end the specliuai is cuiitiiiued. 
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There are dark rays before we get to the red, and other 
dark rays after we leave the lavender — ^the former heat 

rays, the latter chemical rays ; and this accounts for the 
threefold action of the sunbeam : heating power, lighting 
power, and chemical power. 

489. When a cool body, such as a poker, is heated in 
the fire, the rays it first omits are entirely invisible, or 
dark : if we looked at it througli a prism, we should see 
nothing, although we can easily perceive.by the hand that 
it is radiating heat As it is more highly heated, the 
radiation from the poker gradually increases, until it 
becomes of a dull red colour, the first sign of incandes- 
cence; in addition to the dark rays it had previously 
emitted^ it now sends forth waves of red light, which a 
prism will show at the red end of the spectrum : if we still 
increase the heat and continue to look through the prism, 
we find, added to the red, orang-e, then yellow, then green, 
then blue, indigo, and violet, and when the poker is white- 
hot all the colours of the spectrum are present. If, after 
this point has been reached, the substance allows of still 
increased heating, it will give out with increasing in- 
tensity the rays beyond the violet, until the glowing body 
can rapidly act in breaking up chemical combinations, a 
process which requires rays of the highest refrangibility 
— ^the so-called chenucal, actinic, or ultra-violet rays. 

MO. We owe the discovery of the prismatic spectrum 
to Sir Isaac Newton^ but the colouring is but one part of 
it. Dr. Wollaston in the year 1802 discovered that there 
were dark lines crossing the spectrum of sunlight in dif<- 
ferent places. These have been called Frawdiofer's 
lines, as an eminent German optician of that name after- 
wards mapped the plainest of them with great care : he 
also discovered that there were similar lines in the spectra 
of the stars. The explanation of these dark lines we owe 
to Stokes, and more particularly to Kirchhofif. The law 
which explains them was, however, first proved by Balfour 
Stewart. 
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4.91. \\ c sli all observe the lines best if we make our 
sunbeam pass through an instrument called a spectro- 
scope, in which several prisms are mounted in a most 
careful manner. We find the spectrum crossed at right 
angles to its length by numerous dark lines — gaps — 
which we may compare to silent notes on an oz^an. 
Now if we light a match and observe its spectrum, we 
find that it is candnuaus — ^that is^ from red through the 
whole gamut of colour to the visible limit of the violet : 
there are no gaps, no silent notes^ no dark lineS| breaking 
up the band. 

Another experiment. Let us bum something which 
does not burn white ; some of the metals will answer our 
purpose. We see at once by the brilliant colours that 
fall upon our eye from the vivid flame that we have here 
something different. The prism tells us that the spectrum, 
instead of bein?^ continuous as before, now consists of 
two or three lines of light in different parts of the 
spectrum^ as if| on an oigan, instead of pressing down 
ail the keys, we but sounded one or two notes in the 
bass, tenor, or treble. 

Again, let us try still another experiment Let us so 
arrange our prism, that whUe a sunbeam is decomposed 
by its upper portion, a beam proceeding from such alight- 
source as sodium, iron, nickel, copper, or zinc, may be 
decomposed by the lower one. We shall find in each 
case, that when the bright lines of which the spectrum of 
the metal consists flash before our eyes, they will occupy 
absolutely the same positions in the lower spectrum as 
some of the dark bands ^ the silent notes, do in the upper 
solar one. 

Here, then, is the germ of Kirchhofifs discovery, 
on which his hypothesis of the physical constitution of 
the Sun is based ; and here is the secret of the recent 
additions to our knowledge of the stars, for stars are suns. 

Vapours of metals^ and gases^ absorb those rt^s which 
the same vapours 0/ metals and gases themselves emit. 
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4>98. By experimenting in this manner, the following 
generalisations have been established :— 

I. — When solid or liquid or densely gaseous bodies are 
incandescent, they give out continuous spectra. 
II. -When a solid or liquid body reduced to a state of 
gasy or any gas itself, is rendered incandescent, 
the spectrum consists of bright lines only, and 
these lines are different for diiferent substances. 
III. — When light from a solid or liquid passes through a 
gas, the gas absorbs those particular rays of 
light of which its own spectrum consists. 

This third law is the one established by Kirchhoffin 

1859. 

494. We are now in a position to inquire what has 
become of those rays which the dark lines in the solar 
spectrum tell us are wanting — those rays which were 
arrested in their path, and prevented from bearing their 
message to us. Before they left the regions of our incan- 
descent Sun, tJu\y ivere arrested by ihosc particular 
metallic vapours and gases in his atmospiteref with which 
Uiey beat in unison; and the assertion, that this and that 
metal exists in a state of vapour in the Sun's atmosphere, 
is based upon their non-arrival ; for so various and 
constant are the positions of the bright bands in the 
spectra we can observe here, and so entirely do they 
correspond with certain dark bands of the spectrum of 
the Sun, that it has been affirmed, that the chances in 
favour of the hypothesis being right are something hke 
300,000,000 to I. 

4.95. So much for the Sun. Fraunhofer was the first 
to apply this method to the stars; and we hav^e within 
the last score of years reaped a rich harvest of facts, in 
the actual mapping down of the spectra of several of the 
brightest stars, and the detailed examination of a very 
large number. In fact, a spectroscopic star catalogue to 
include all northern stars down to 7} magnitude, is now 

R 
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in preparation^ of which the first part, giving the spectra 
of 4,051 stars was published in 1883. The plan of struc- 
ture in all of them can be referred back to meteor-swarms. 
We find vapours sifting out the rays which come from the 
interior incandescent masses, which may consist of red- 
or white-hot meteorites, or of dense vapours produced by 
the volatilization of meteorites, according to the stage of 
condensation. (See Art. 65.) 

A95a. Fraunhofer examined light coming from all parts 
of tlie Sun. In 1866 Lockyer proposed a detailed exam- 
ination of its surface and of the surrounding regions. 
In 1 868 Janssen and Lockyer succeeded in rendering the 
red prominences visible by these means wherever the 
Sun shines, thereby opening a field of research which has 
proved of the highest importance. 



Lesson XL. — Importance of this method of Research^ 
Physical Constitution of the Stars^ NehuliF^ Moon^ 
and Planets. Construction of t/u Spectroscope. Celes^ 
tial Photography. 

406. A few words will show the high significance 
of these facts from an astronomical point of view. They 
tell us, that as the spectrum of the Sun's light contains dark 
lines, the light is due to solid or liquid particles in a state 
of great heat, or as it is called, incandescence^ and that the 
light given out by these particles is sifted, so to speak, 
by its atmosphere, which consists of the vapours of the 
substances incandescent in the photosphere. Further, as 
the lines in the icveibed spectra occuij) the same positions 
as the bright lines given out by the glowing particles 
would do, and as we can by experimenting on the different 
metals match many of the lines exactly, we can thus see ^ 
which kind of light is thus abstracted, and what substance 
gives out this light: having done this, we know what sub-- 
stances (Art 1 23) are present in the Sun. 

^•7. Again, we learn by the same method that many of 
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the stars are, more or iess» like the Sun, for when they 
are analyzed in the same manner we find nearly the 
same appearances ; and here again in the same manner 
we can tell what substances are present in the stars 

An. 67). 

A-9&, The spectra of the nebulae, instead of resembling 
that of the Sun and stars, — that is, showing a band of 
colour with black lines across it, — consist of a few bright 
lines merely. 

499. On August 29, 1864, Dr, Huggins directed his 
telescopei armed with the spectrum apparatuS| to the 
planetary nebula in Draco. At first he suspected that 
some derangement of the instrument had taken place, for 
no spectrum was seen, but only a short line of light, 
perpendicular to the direction of dispersion. He found 
that the light of this Nebula, unlike any other extra- 
terrestrial light which had yet been subjected to prismatic 
anal) bis, was not composed of light of diflerent rcft angi- 
bilities, as in the case of the Sun and stars, and it there- 
fore could not form a spectrum. A great part of the light 
from this Nebula is monochromatic, and was seen in the 
spectroscope as a bright line. A more careful exami- 
nation showed another line, narrower and much fainter, a 
little more refrangible than the brightest line, and sepa- 
rated from it by a dark interval. Beyond this again, at 
about three times the distance of the second line, a third 
exceedingly iadnt line was seen. 

500. The strongest line was at first considered as due to 
nitrogen, but subsequent investigation has shown it to be 
due to magnesium vapour at a low temperature. The 
faintest of the lines of the Nebula coincides with the Hne 
of hydrogen, ci^rrcbpuncUiig to ihe line F in ihc solar 
spectrum. 1 he origin of the other bright line has not yet 
been determined, but it is seen in the spectra of some 
meteorites. 

501. Here, then, wc have three little lines for ever 
disposing of the notion that nebulse may be clusters 
of stars. How trumpet-tongued does such a fact speak 

R 2 
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of the resources of modem science ! As we have already 
learned (Art. 96)1 nebulae are merely clouds of meteorites 
which are rendered luminous by the heat due to collisions. 
The spectra of some of them are almost perfectly con- 
tinuous^ and this is because the meteorites composing 
them are only hot enough to be incandescent, and do not 
give off suliicicnt vapour to produce a spectrum of lines. 
When the temperature is increased by the condensation 
due to gravity, hydrogen and magnesium vapour fill the 
interspaces and give us a spectrum of bright lines. There 
are no absorption lines in the spectra of nebulae, because 
they are masked by the radiation from the greater volume 
of interspace. 

It is a comparatively simple matter to reproduce the 
spectra of nebula: in the laboratory. A few pieces of a 
meteorite containing a fair percentage of magnesium|Or a 
few pieces of olivine, are placed in a glass tube fitted with 
platinum points, so that an electric discharge can be made 
to pass along them. The tube having been exhausted by 
a Sprengel pump, and the meteorites heated, the spectrum 
of the glow is seen to contain tlie hydrogen lines which 
are seen in nebulce, and the chief nebula line, which has 
already been stated to be due to magnesium ; in some 
cases the middle line, between the hydrogen hnc v. and 
the magnesium line, is also seen, but this makes its appear- 
ance much more rarely than the principal line. 

The chief nebula line may also be observed by burning 
magnesium ribbon in front of the slit of a spectroscope. 
The brightest part of the spectrum seen is a fluting, the 
brightest edge of which coincides with the nebula line. 
In most of the nebulae, only a line is seen to correspond 
to this fluting, but on one occasion, at Greenwich, the 
spectrum of the nebula in Orion was observed to give a 
fluting in place of the ordinary line. We know that under 
certain conditions only the rcnniaiits of ilutnigs are seen, 
so that tb( \ ])ut on the appearance of lines. 

502. in our own system, that moonshine is but sun- 
shine second-hand, and that the Moon has no sensible 
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aUnospherc, is proved by the fact, ihat in the spectroscope 
there is no difference, except in brilliancy, between the 
two ; and that the planets have atmo<^phcres is shown in 
like manner, since in their light we lind the same Hnes as 
in the solar spectrum, ^\ ith the addition of other lines due 
to the absorption of their atmospheres. 
^I(03. In addition to six typical spectra of the 
hea^ly bodies^ the frontispiece shows a continuous 
spectrutHf the radiation spectra of hydrogen, sodium, 
magnesiuiKL and carbon, and the absorption spectrum of 
sodium. The double line of sodium, showing the 
absorption as well as the radiation, is given to explain 
the coincidences on which our knowledge of the sub- 
stances present in the atmospheres of the Sun and 
stars depends. A black double line, in exactly the 
same position as the briglit double line of sodium is 
seen in the spectra of the Sun, Vega, a Cygni, and 
a Orionis. Similarly, the spectrum of the \ apour of iron 
contains 400 or 506 bright lines matched by co-inci* 
dent lines in the spectrum of the Sun. The feebleness 
of the light of the stars does not permit all these lines to 
be observed if they are present It is seen in the plate 
that one of the bright line& in the spectrum of the nebula 
is coincident with one of ''the lines of hydrogen, while 
another (the least refrangible) agrees in position with the 
edge of the fluting" in the spectrum of magnesium. Tlie 
great Orion nebula and a few others show, in addition, 
a fourth bright line, found to be identical with the dark- 
blue ray of hydrogen. Photographed spectra of some of 
the nebulae show a low-temperature magnesium line in 
the ultra-violet. 

504. The spectrum of a OrioniSy which is a partially 
condensed meteor-swarm, consists of dark flutings and 
lines. The flutings are due to the vapdurs of magnesium^ 
manganese, ironi lead, and barium, and some of the lines 
are due to sodium, magnesium, calcium, iron, and bis- 
muth. The absorption is brought about by the metallic 
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vapours surrounding the incandescent meteorites. This 
is one of the best examples of the bodies belonging to 
Group 11. 

sa4a« Stellar spectra were divided by Secchi into four 

classes, but having regard to the meteoric origin of the 

various orders of celestial bodies, it will be well to adopt 
the f<-)l] owing clabsilicatic>n. 

Liroup I, R'cidiation lines and llutings are predominant. 
This prroiip includes nebulae and ihc so-called " stars" with 
bright-line spectra, Lyr?e and y Cassiopeia^ belong to 
this group, in tfie last species of the group, absorption 
b^ns. The radiation is chiefly that of hydrogen and 
magnesium. 

Group IL Mixed i^diation and absorption predominant. 
The radiation is chiefly, that of carbon vapouri which fills 
the interspaces, and th^ absorption is due to layers of 
vapours of magnesium, ipanganese, iron, lead, barium, 

&c., which surround the incandescent meteorites. 

The 5t.irs of this class are reddish and their spectra 
consist of dark flutings fading gradually towards the red, 
superposed upon the bright flutings of carbon, which fade 
towards the blue. Many variable stars belong to this 
group, notably "Mira"in the' Whale, and the "new 
star" recently observed in Orion^ 

There is a considerable variatioiv^n the spectra of this 
group, according to the proportion of .meteorites to inter- 
space and carbon radiation to metallic absorption. In 
fact, it is convenient to subdivide this^roup into fifteen 
species, according to the number and intensities of the 
flutings present 

Group III. Line absorption predominant, the tempera- 
lure also increasing. The various species will be niarkcd 
by increasing simplicity of spectrum. The meteorites 
have all been volatilized. 

Group IV. Simplest line absorption predominant. The 
spectra are characterized by the strong absorption of 
hydrogen, while the metaUic lines are thin and faint 
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The stars of this group are the hottest. Vega (a Lyras) 
belongs to this group. (See Fronti^iece.) 

Group V, Line absorption predominant with decreasing 
temperature. The, various species will be marked by 
decreasing complexity of spectrum. 

The mass of meteoric vapour is now cooling, and the 
phenomena will bc^ very nearly the same as those of 
Group III. 

The Sun, Capella^ and Pollux beloir; to this group. 
The lines arc narrow and very numerous, the substances 
which they indicate being those known to exist in meteor- 
ites. The spectrum of the Sun can be almost perfectly 
reproduced by volatiliang a mixture of meteorites in the 
electric arc. \ 

Group VL Carbon aosorption predominant The cen- 
tral portion of the mass of meteoric vapour has now become 
very densel)- gaseous or uiquid, or solid^ and is surrounded 
by an atmosphere consisting lai^ely of carbon. None of 
the stars of this group are brighter than the fifth magni- 
tude, and are usually of deep red tint. 

This classification is the one which the most recent 
researches have led to, and it will be seen that tlie 
basis of It IS the differences brought about by differences 
of temperature. The substances present in all the bodies 
are the same, or, at least, there is no reason why there 
should be any differences in composition, and there is no 
necessity to assume any such differences in order to 
explain the various phenomena presented to us. We 
b^in with sparse swarms of meteorites at low tempera- 
tures, pass through the various phenomena of increasing 
temperatures to stars like A CLja, then through those of 
decreasing temperatures, finally ending with cold con- 
densed and consolidated masses. Further, it is possible 
that bodies of the latter kind may collide as individual 
meteorites do, and by such collisions become again re- 
solved into swarms of meteorites, and thus complete the 
celestial cycle. 
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SOAh, The spectroscope not only gives us information 
as to the chemical constitution of the heavenly bodies, but 
tells us also something of their movements. And^ what 
is very fortunate, the kind of movements which can be 
determined spectroscopically are just those of which the 
eye takes no direct account, because they result in no 
visible displacement. They are motions in the line of 
sight, that is, straight towards, or straight from the eye. 
Now the effect produced by ver}^ rapid motion of this kind 
upon hght entering the eye from the moving object, is 
quite analogous to the rise and fall in the pitch of a steam- 
whistle wlicn an express train dashes through a station. 
While the train is cpming up, the shrillness of the whistle 
is increased because the vibrations of sound are crowded 
into, the ear by the ' swiftness of its approach ; and the 
sound sinks as it retreats just for the opposite reason. In 
the same way, the vibrations of light are pushed together, 
or pulled asunder by the enormously more rapid move- 
ments of the stars. The whole gamut, so to speak, of the 
spectrum, is shifted a little towards the blue or red accord- 
ing as the star, or other heavenly body, is advancing or 
retreating ; and the amount of this shifting can be 
measured by the comparison of the well-known bright 
or dark lines thus altered in position with the same lines 
as they ordinarily appear. It is in this way that the tre- 
mendous cyclone movements in the sun and atmosphere 
mentioned in Art. 250^ have been ascertained; and even 
the rate of the sun's rotation can be determined by the 
slightly varied positions of the Fraunhofer lines in light 
taken from the right and left limbs, the effect of rotation 
being to bring the left limb continually forward while the 
right limb retreats from the eye with equal speed. Dr. 
Huggins in jS6S lirsL buccecded 111 measuring the velocities 
of stars in the line of sight, and the work is now regularly 
carried on at Greenwich. Subjoined are some of the 
results : — 
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Stars )^pproaching the Earth. 

Name of Star. '• Miles per second. 

Arcturus . 42 

Alpha Lvra^ (Vcc^a) 36 

Alpha Cygni (Dcncb) 37 

Beta Geminoi^um (Pollux) 35 

Alpha Ursse Majoris (Dubhe) .... 46 

Alpha Androiriedae 32 

Delta Androinbdae 50 

Beta Ceti • • i 54 

Alpha Pega5i(I^arkab) 32 

Alpha Arietis 10 

Stars Receding from the Earth. 

Name of Star. Miita per second. 

Alpha Tauri (Aldebaran) 45 

Alpha TrianguU .\ 58 

Beta Andromedae « 45 

Capella «... v •••*••• • 29 

Alpha Orionis (Bet^lgeux) 16 

Beta Ononis (Rigel) 12 



Sirius must at present be included amongst the stars 
approaching the earth, its rate of approach^ as determined 
in i8d6y being about thirty miles a second. But ten years 
previously, it was receding with about equal velocity, 
after which it gradually slackened, and in 1883, reversed 
its motion. Similar changes appear to have aflfectcd the 
movements of Procyon during the same interval. 

505. The star spectroscope, Fig. 59, with which Dr. 
Muggins's earlier results were obtained, is attached to the 
eye end of an equatorial. As the spectrum of the point 
which the star forms at the focus is a line^ the first thing 
done in the arrangement adopted is to turn this line into 
a band, in order that the lines or breaks in the light may 
be rendered visible. 

The other parts of the arrangement are as follows : — 
A plano-convex cylindrical lens, of about fourteen inches 
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focal length, is placed with its axial direction at right 
angles to the direction of the slit, and at such a distance 




before the slit, within the converging pencils from the 
object-glass, as to give exactly the necessary breadth to 
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the spectrum, ^ehind the slit, at a distance equal to its 
focal length, is an achromatic lens of 4| inches focal 
length. The di^ersing portion of the apparatus consists 
of two prisms of tiense flint glass, each having a refracting 

angle of 60°. The spectrum is viewed through a small 
achromatic teles(^ope, provided with proper adjustments, 
and carried about a centre suitably adjusted to tlic posi- 
tion of the prisms by a line micrometer screw. This 
measures to about' the ivij^oT^th part of the interval between 
A and H of the solar spectrum. A small mirror attached 
to the instrument receives the lights which is to be com- 
pared directly with! the star spectrum, and reflects it upon 
a small prism placed in front of one half of the slit. This 
light was usually ottained from the induction-spark taken 
between electrodes \of different metals, raised to incan- 
descence by the passage of an induced electric current 

506. The spectroscope represented in Plate XIII. is 
a very powerful oncj made by Mr. Browning for j\Ir. 
Gassiot, and was for some time employed at the Kew 
Observatory for mappmg the solar spectrum. The light 
enters at a narrow slit in the left-hand collimator, which is 
furnished with an object-glass at the end next the prism, 
to render the rays paraiiel before they enter the prisms. 
In the passage through ^he prisms the cylindrical beam of 
light is made to describe\a circular path, widenii^ out as 
it goes, and in consequ^ce enters the telescope on the 
right of the drawing. 

It is often convenient to employ what is termed a 
dlreet-vlsloa vpeetrosoope — that is, one in which the light 




Fig. 60.— Path of the ray in the Herschel-lirowning spectroscope. 

enters and leaves the prisms in the same straight line. 
How this is managed in the Herschel-Browning spectro- 
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scope, one of the^BSst-'eLits^ kind, may be gathered from 

Fig. 60. 

S07. In both telescopic and spectroscopic observations 

the visible rays of light are used. The presence of the 
chemical rays, however, enables photograplis of the 
heavenly bodies to be taken, and celestial photog^apliy^ 
in the hands of Mr. De la Rue and Mr. Rutherfurd, made 
its first rapid advance towards its present high state of 
perfection. The method adopted is to place a sensitive 
plate in the focus of a reflector or refractor properly cor- 
rected for the actinic rays, and then to enlarge this picture 
to the size required. Mr. De la Rue's pictures of the 
Moon, some 1} inches in diameter, are of such perfection 
that they bear subsequent enlargement to 3 feet Prints 
of the Sun are now regularly taken at Greenwich and 
South Kensington ; and where the record is interrupted 
by clouds, it is filled in by pictures obtained on the same 
plan in the Mauritius and in India. The art promises to 
be one of the great engines of astronomical research in 
the future. Already a nebula has been discovered in the 
Pleiades by the camera, which had never previously been 
seen with the telescope, and stars down to the sixteenth 
magnitude can be photographed with such distinctness 
that the laborious process of charting small stars may be 
said to be superseded by the comparatively expeditious 
method of printing them, or rather, letting them print 
themselves. The absolute truthfulness of celestial photo- 
graphs gives them a special value as records. Mn Com- 
ments splendid picture of the Orion nebula may reveal to 
future astronomers changes of wonderful interest in that 
strange mass of glowing vapours. Tebbutt's comet was 
the first body of the kind successfully photographed, pre- 
vious attempts having failed through the extreme clicmical 
feebleness of cometary light. Now, however, not only 
comets themselves, but their spectra, as well as the 
spectra of stars, nebulae, sunspots, and even of the solar 
chromosphere across the blaze of daylight, stamp their im- 
pressions with the utmost delicacy on the sensitive plate. 
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CHAPTER VII. 

DETERMINATION OF THE APPARENT PLACES 
OF THE HEAVENLY BODIES. 

Les^N XL I. — Geometrical Principles, Circle. Angles. 
Plctne and Spherical Trigonometry, Sextant. Micro^ 
mefe^^ The Altazimuth and its Adjustments, 

5oa. Tl^at portion of our subject which deals with 
apparent pt^sitions is based upon certain geometrical 
principles, among which the properties of the circle are 
the most important. 

509. A circle is a figure bounded by a curved line, all 

the points in which are at the same di:3tancc fioni a point 
within the circle called the centre. The curved line itself 
' is called the circumference; a line fiom any part of the 
circumference to the centre is called a radius i and if we 
prolong this line to the opposite point of the circumference 
we get a diameter. Consequently, a diameter is equal to 
two radii. 

510. The circumference of every circle, laige or small, 
is divided into 360 parts, called degrees, which, as we 
have before stated (Art* 159), are divided into minutes 
and seconds, marked (') and ("), to distiii^ui^ them from 
minutes and seconds of time, marked (^) and (^). 
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511. That part of the drcmnference • intercepted by 
any lines drawn from it to the centre is called an ave, and 
the two lines which join at the centre inclose what is called 
an angle, the angle in each case being measured by the 

arc of the circumference of the circle intercepted. 

5ia. The arc, and therefore the measured angle, will 
contain the same number of degrees, however large or 
small the circle may be —or, in other words, whatever be 
the diameter. Each degree will, of course, be larger in a 
large circle tiian in a small one, but the number of degrees 
in the whole circumference will always remain the same ; 
and therefore the angle at the centre will subtend the same 
number of degrees, whatever be the radius of the circle. 

5^3* An angle of 90"^ is called a right aagte^ and there 
are therefore four such angles at the centre of a circle. 
The two lines which form a right angle are said to be at 
right angles to each other. If we print a T> for instance, 
like this J_, we get two right angles, and the upright 
stroke is called a perpendicular. 

514>- When the opening of an angle is expressed by 
the number of degrees of the arc of a circle it contains, 
it is called the angruiar measure of the angle. Another 
property of the circle is, that whatever be its size, the 
diameter, and therefore the radms, always bears the same 
proportion to the circumference. The circumference is a 
little more than three times the diameter — more exactly 
expressed in decimals, it is 3*14159 times the diameter ; 
in other words — 

diam. x 3*141 59= circumference ; 

and therefore 

circumference-i-3'i4i 59 » diameter. 

For the sake of convenience, this number 3"i4i59 is 
expressed by the (ireck letter tt. When either the radius, 
diameter, or circumference is known, we can easily ^d 
the others. 
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815. We next come to the properties of triangles. A 
triangle is a figure which contains tliree angles, and it is 
therefore bounded by three sides. If all three sides are 
on the same plane, the triangle is called a plane triangle ; 
but if they lie on the surface of a sphere, it is called a 
spherical mtokgle, and the sides^ as well as the angles^ 
may be expressed in angular measure ; as the angular 
length of ^ach side is the angle formed by its two ends at 
the centre of the sphere. For instancei if we on a ter« 
restrial gl<^be draw lines connecting London, Dublin, and 
Edinburgh, we shall have a spherical triangle, as the 
Earth is a iphere ; and we can express the opening of each 
angle and the length of each side in degrees. We may 
treat three stars on the celestial sphere in the same 
manner. Each angle of a plane triangle is determined 
as we have already seen ; and it is one of the properties 
of a triangle that the three interior angles taken together 
are equal to two right angles— that is, 180°. It is clear, 
therefore, that, if we know two of the angles, the third is 
found by subtracting their sum from 180"^. 




Fig. 6x. — ^Two Triangles. 



Here are two triangles, and they look very unlike ; but 
there is one thing in which we have just seen they exactly 
resemble each other. The angles a ^ ^ in both are together 
equal to two right angles. Now one is a right-angled 

triangle, t'.e. the angle ^ is a right angle, or an angle 
that contains 90 ; consequently, we know that the other 
angles, a and are together equal to 90"^ ; and therefore, 
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if we know how many degrees the angle aor c contains, 
we know how many the other must contain. 

Why are we. so anxious to know about these angles ? 
Let us see. Here are three more triangles — 




Fig. 62. — Triangles with two eq^ual sides and unequal bases. 



apparently very unlike ; but still we have made the sides 
ac^ ady ae, af^ ag^ ah, all equal. Now look at the 
upper angles a, and look at their bases B B' B" : where 
the angle is widest, the base is longest ; where narrowest, 
the base is shortest. There is an obvious connexion 
between the angle and the side opposite to it^ not only 
in the three triangles, but in each one taken separately ; 
and in fact, in any triangle^ the sides are respectively 
proportional, not actually to the opposite angles them- 
selves, but to a certain ratio called the sine (Art. 516) of 
these angles. Moreover, we can express any side of a 
triangle in terms of the other sides and .idjacent angles, 
or of the other sides and the angle between them. In 
short, that branch of mathematics called trigonometry 
teaches us to investigate the properties of triangles so 
closely that when in any triangle we have two angles, 
and the length of one side, or one angle and the length 
of two sides, whether the triangle lie before us on a piece 
of paper, or have at one of the angles a tower which we 
cannot reach, or the Sun, or a star, we can find out all 
about it. 

516. Angles are studied by means of certain quantities 
called MsononMtrlcal ratios, which we give here, in 
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order that some terms which wiU be necessarily used in 
the sequel may be understood. 




Fig. 63. — ^Ingonometrical ratios. 



BACm2iy represent any angle, and PM is perpendicular 
to AB. Then^ for the angle A^ 

PM perpendicular j is called the sine of A 

APf ' hypothenusei J (written sin. A). 

AM . ^ b ase 1 is called the cosine of A 

AP, hypothe nube, J (written cos. A), 

PM perpendicular 1 is called the tangent of A 

AM, ^SSSi; J (written tan. A). 

AM . base 1 is called the cp-tangent of 

PM, perpeiklicular, / A (written cot. A). 

AP hypo thenuse lis called the secant of A 

AM] base, / (written sec. A). • 

AP hypothenuse ) is called the co-secant of A 

PM, pcrpendiculai;, ] (written cosec. A). 

517. We shall return to the use of plane triangles in 
agronomical methods in the next chapter. It may liere l)e 
remarked that the apparent place > of the heavenly bodies 
are referred to the ce'estial sphere by means of spherical 
triangles, which are investigated by trigonometrical ratios^ 
in the same manner as plane triangles, and hence this 
part of our subject is called Spherical Astronomy. 

618. In all the instruments about to be described^, 

8 



2sS ASTRONOMY. [chap. vii. 



angles arc measured by means of sraduated arcm, or 
circles attached to telescopes^ the graduation being car- 
ried sometimes to the hundredth part of a second of arc 
by Tcrnicni or microscopes. It is of the last importance, 
not only that the circle should be correctly graduated, 
but that it should be correctly centred,— that is, that 
the centre of movement should be also the centre of 
graduation. To afford greater precision, spider webs, or 
fine wires, arc fixed ia tlic focus of the telescope to point 
out the exact centre of the field of view. An instrument 
with the cross wiies perfectly adjusted is said to be 
correctly c o 1 1 i m a t e d . 

519. In addition to the fixed wires, moveable ones 
are sometimes employed, by which small angles may be 
measured. An eye-piece so arranged is called a micro* 
meter, or a micrometer eje-pteee. The moveable wire 
is fixed in a frame, set in motion by a screw, and the dis- 
tance of this wire from the fixed central one is measured 
by the number of revolutions and parts of a revolution 
of this screw, each revolution being divided into a thou- 
sand parts by a small circle outside the body of the 
micrometer, which indicates when the moveable and 
central wires are coincident, and at each complete rcvo 
lution on eitlicr side of the latter. The angular value 
of each revolution is determined by allowing an equa- 
torial star to traverse the distance between the wires, 
and turning the time taken into angular measurement. 
Attached to the micrometer, or to the eye-piece which 
carries it, is also a position-circle, divided into 360^ ; by 
this the an^c made by the line joining two stars, for 
instance, with the direction of movement across the field 
6t view, is determined. The use of the position-circle 
in double-star measurements is very important, and it is 
in this way that their orbital motion has been determined. 
The micrometer wires, or tlic field of view, are illuminated 
nt night by means of a small lamp outside, and a reflector 
inside, the telescope (see Plate XIV.). 



Plate XV. 




Portable Altazimuth Instrumeot. 

S 2 
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sao. If we require to measure simply the angular 
distance of one celestial body from another, we. employ 
a semtAat; but generally^ speaking, what is to be deter- 
mined is n6t merely the angular distance between two 
bodies, but their apparent position either on the sphere 
of obs^rvajQon or on the celestial sphere itselt . 

5fll. Id the former case^^that is, when we wish to 
determine positions on the visible portion of the sky,— we 
employ ¥fhat is termed an a 'titude and azimuth insiru- 
fpieni, or^ shortly, an altazimuth ; and if we know the 
sidereal time, or, in other words, if we know the exact 
part of the celestial sphere then on the meridian, we can 
by calculation find out the right ascension and declination 
(Art. 328), referred to the celestial sphere, of the body 
whose altitade and azimuth on the sphere of observation 
we had instramentally determined. 

5fla. An attazimuth is an instrument with a vertical 
central pUlar supporting a horizontal axis. There are 
two circles, oibe horizontal, in which is fitted a smaller 
(ungradualed) circle with attached verniers fixed to the 
central pillar, and revolving with it ; another, vertical, at 
one end of the horizontal axis, and free to move in all 
verlical planes. To this latter the telescope is fixed. 
When the telescope is directed to the south point, the 
reading of the horizontal circle is 0° ; and when the tele- 
scope is directed to the zenith, the reading of the vertical 
circle is o^. Consequently, if we direct the telescope to 
any particular star, one circle gives the zenith distance of 
the star (or its altitude) ; the other gives its azimuth. If 
we fix or clamp the telescope to the vertical circle, we can 
turn the axis which carries both round, and observe all 
stars having the same altitude, and the hoiizontal circle 
will show their azimuths ; if we clamp the axis to the 
hori^tal circle, we can move the telescope so as to 
make it travel along a vertical circle, and the circle 
attached to the telescope will give us the zenith distances 
of the stars (or their altitudes), which, in this cabc, will lie in 
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two azimuths 180^ apart. A portable altazimuth is repre- 
sented in Plate XV., the various parts of which will be 
easily recognised from the foregoing description. 

To make an observation with the altazimuth, 
we must first assure \ourselves that the instrument itself is 
in perfect adjustmei^t— that is, that the circles are truly 
graduated and centiied (Art. 518),. and that there is no 
error of collimation ii| the telescope. This done, it must 
be perfecdy levelled, so that the vertical circle is in all 
positions truly vertical, and the horizontal circle truly 
horizontal. Next, we must know the exact readings of 
the verniers of the azimuth circle when the telescope is in 
the meridian, and the exact readings of the verniers of the 
vertical circle when the telescope points to the zenith. 
This done, we may point the telescope to the body to be 
observed, bring it to the cross wires visible in the field of 
view, and note the exact time. The verniers on the two 
circles are then read, and from the mean of them the in- 
strumental altitude and azimuth are determined. The 
observation should then be repeated with the telescope 
on the opposite side of the central pillar, as by this means 
some of the instrumental errors are got rid of. 

/ 

Lesson XLII.— Transit CircU^ and its Adjust- 
ments. Principles of its Use. Methods of Taking 
Transits^ 7 he Chronograph, The Equatorial, 

Aft4* When we wish to determine directly the position 
KsH a celestial body on the celestial sphere itself, a traiuiit 
eircle is almost exclusively used. This instrument consists 
of a telescope moveable In the phne of the meridian, 
being supported on two pillars, east and west, by means 
of a horizontal axis. The ends of the horizontal alis are 
of exactly equal size, and move in pieces, which, from 
their shape, are called Ys. When the instrument is in 
perfe-t adjustment, the line of collimation of the telescope 
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is at right angles to the horizontal axis, the axis is exactly 
horizontal, and its ends are due cast and west. Under 
these conditions, the telescope describes a great circle of 
the heavens passing through the north and south points 
and the celestial pole ; in other words, the telescope in all 
positions points to some part of the meridian of the place. 
On one side of the telescope is fixed a circle, which is 
read by microscopes fixed to one of the supporting pillars. 
The cross wires in the eye-piece of the telescope enable us 
to determine the exact moment of sidcrc.il time at which 
the meridian is crossed : this time is, in fact, the right 
ascension of the object The circle attached shows us its 
distance from the celestial equator : this is its declination. 
So by one observation, if the clock be right, the instrument 
perfectly adjusted^and the circle correctly divided| we get 
both co-ordinates. 

in Plate XVI. is given a perspective view of the great 
transit circle at Greenwich Observatory, designed by the 
late Astronomer-Royal, Sir George Airy. It consists of 
two massive stone pillars, supporting the ends of the 
horizontal axis of the telescope, which rests on Ys, as 
shown in the case of one of the pivots in the drawing. 
Attached to the cube of the telescope (to which the two 
side-pieces, the eye -piece end and object-glass end, 
are screwed) are two circles. The one to the right is 
graduated, and is read by microscopes pierced through 
the right-hand pillar ; the eye-pieces of these microscopes 
are visible to the right of the drawing. The other circle 
is used to fix the telescope, or to give it a slow motion, by 
means of a long handle, which the observer holds in his 
hand. The eye-piece is armed with a micrometer, with 
nine equidistant vertical wires and two horizontal ones. 

The wheels and counterpoises at the top of the view 
are -^o facihtate the raising of the telescope when the 
collimators, both of which arc uii a level with the centre 
of the telescope — one to the north and one to the south 
— are examined. 
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I 5M. As we have already seen (Art 329) a celestial 
. meridian is nothing but the extension of a terrestrial one ; 
and as the latter passes through the poles of the Earth, 

the former will pass through the poles of the celestial 
sphere : conbcqucntly, in Knghmd the northern celestial 
pole will lie somewhere in the plane of the meridian. If 
•the posiiion of the pole were exactly marked by the pole- 
star, that star would remain immoveable in the meridian ; 
and when a celestial body, the position of which we wished 
to determine, was also in the meridian, if we adjusted the 
circle so that it read o*^ when the telescope pointed to the 
pole, all we should have to do to determine the north polar 
distance of the body would be to point the telescope to it, 
and see the angular distance shown by the circle* 

5fle. But as the pole-star does not exactly maA the 
position^ we have to adopt some other method. We 
observe the zenith distance (Art 329) of a circumpolar 
star when it passes over the meridian above the pole, and 
also when it passes below it, and it is evident that if the 
observations are perfectly made, half the sum of these 
zenith distances will give the zenith distance of the celes- 
tial pole iibclf. When we have found the position of the 
celestial pole, we can determine the position of the celestial 
equator, which we know is exactly 90^ away from it. As 
we already know the zenith distance of the celestial pole, 
the difference between this distance and 90"^ gives us the 
zenith distance of the equator. Here, then, we have threes 
points from which with our transit circle we can measure 
angular distances : — 

I. From the zenith, 
II. From the celestial pole, 

III. From the celestial equator, 

and we may add, 

I V. From the horizon, 

as the horizon is 90^ from the zenith. Any of these 
distances can be easily turned nito any other. 
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5a7« In this way, then, if we reckon from, or turn 
our measures into distances from, the celestial equator, 

wc get in the heavens the equivalent of terrestrial latitude. 
But this is not enough : as we saw in the case of the 
Earth (Art. 161) — a thousand places on the Karth may 
have I he same latitude — we want what is called another 
co-ordinaie to fix their position. On the Earth we get 
this other co-ordinate by reckoning from the meridian 
which passes through the centre of the transit circle at 
Greenwich, which meridian passes through all places, 
•whatever dieir latitude, north or south, which have the 
same longitude as Greenwich. 

So in the heavens we reckon from the position occu* 
pied by the Sun at the vernal equinox. The astronomer 
not only has a telescope and a circle, but, as we have 
seen (Art. 425; he has a sidereal clock, adjusted to the 
apparent movement of the stars, actually lo the Earth's 
rotation. On its dial are marked 24 hours. The time 
shown by this clock is called sidereal, or star time, and is 
so regulated that the exact interval between two succes- 
sive passages of the same star over the meridian of the 
same place is divided into twenty-four sidereal hours, 
these into sixty sidereal minutes, and so on ; and this 
time is reckoned, not from any actual star, but from the 
point in the heavens called 'Uhe first point <^ Aries^ 
which we have mentioned ; when that point is on the 
meridian of any place the sidereal clock shows oh. cm. os., 
and then it c^-oes on indicatint^ the twenty-four sidereal 
hours till the same point comes on the meridian again. 

528. Now it follows, that as right ascension and 
sidereal time are both reckoned from the first point of 
Aries, a sidereal clock at any place will denote the rij^ht 
ascension of the celestial meridian visible in the transit 
circle at that moment ; and if we at the same moment, 
by means of the circle, note how far any celestial body is 
horn the celestial equator, we shall know both its right 
ascension and declination, and its place in the heavens 
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will be detennined. That is to say, the Earth itself, by its 
rotation, pcrfornis the most dilVicult part of the task for 
us, and every star will in turn be brought into the meridian 
of our place of observation ; all we have to do is to note 
its angular distance cither from the zenith or finui the 
celestial equator, and note the sidereal time : one enables 
us to deteimine, or actually gives us, its declination ; the 
other gives tts its right ascension. 

Of coursei the method which is good for deter- 
mining the exact place of a single heavenly body is good 
for mapping the whole heavens, and in this manner the 
position of each body has been determined, until the 
whole celestial sphere has been mapped out, the right 
ascension and declination of every object having beeii 
determined. 

The most important of the catalogues in which these 
positions are contained is due to the German astronomer 
Argelander. This catalogue contains the positions of up- 
wards of 324,000 stars, from N. Decl. 90 to S. Decl. 2", 
and Schonfeld's extension of it to S. Decl 23° gives 
153,650 more. Bessel also published a catalogue of up^ 
wards of 50,000 stars. The late Astronomer»Royal and 
the British Association have published similar lists, and a 
great number of southern stars have been lately deter- 
mined with equal care. There are besides catalogues 
dealing with double stars, variable stars, and red stars 
/exclusively. 4 i f/^ ^ 

' 530, In order that the angular distance from the 
zeiiith, and the time of meridian passage, may be cor- 
rectly determined, observations of the utmost delicacy 
are required. 

581. The circle of the Greenwich transit, for instance, 
is read in six different parts of the limb at each observa- 
tion by microscopes, the eye- pieces of which are shown 
in Plate XV., and the recorded senith distance is the mean 
of these readings. 

The other co-ordinate,— that is, the right ascension,— » 
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is obtained with equal care. The transit of the star is 
watched over nine cquidibiant wires, in the micrometer 
eye-piece (called in this case a traubit eye^plece), the 
middle one bein^^ exactly in the axis of the telescope. 
The following table of soiiie objects observed at Green- 
wich on Aug". 7, 1856, will show how the observation 
made at this central wire is controlled and corrected .by 
the observations made at the other wires on either side 
of it. 



NAMB OF 
OBJKCT. 



Seconds of Transit over ihe Wires. 



13 Lyrae. 



A 



•I Cygni . 



i} Sagittarii 
jo. A.C.6v66 
Cygni . 

Neptune 



Concluded 



1. 


IL 


111. 


IV. 


V. 


VI. 


VII. 


VIII. 


IX. 


over I he 
Ceatro Wire. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


h. m. s. 






3*0 


6-8 


14*3 


22*0 


25 9 


29 7 


335 


18 50 14*84 




4S'3 


498 


54-6 


3*6 


xa-8 




22*0 


26 7 


19 23 3*68 


49*3 


5^4 


SS'5 


58-4 


4*4 


io'6 


138 


i6'7 


197 


19 16 4*48 


59 9 


31 


6 '2 


g'2 


16-6 


21-8 


24-9 


28 0 


31 •! 


19 20 15*48 


55 0 


S9'4 


3*7 


7-8 


16*8 


25*2 


29-7 


34"o 


38-2 


19 37 16*67 


578 




6*4 


108 


19'4 


27-9 


32 "3 


36-6 


409 


19 37 19*88 


• •• 


• •• 


• •• 


• ■ • 


U-6 


^5-3 


390 




• 


aj 23 11 52 



S3ft. There are two methods of observing the time of 
transit over a wire, one called the mr^ and ear method^ 

the other the electrical method. In the former, the ob- 
server, taking his time from the sidereal clock, which is 
always close to the transit circle, listens to the beats and 
estimates at what interval between each beat the star 
passes behind each wire. An experienced obser\ cr in this 
manner mentally divides a second of time into ten equal 
parts with no great eftbrt. 
Ada. In the second method a barrel covered with 
V paper is made to revolve at a uniform rate. By means 
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of an electric cunrenti a pricker attnched to the keeper of 
an electro-magnet is made at each beat of the sidereal 
clock to make a puncture on the revolving barrel. The 
pricker is carried along the barrel, so that the line of 
punctures forms a spiral, the pricks being about half an 
inch apart. Here theii we have the flow of time fairly- 
recorded on the barrel. At the beginning of each miiuue 
the clock fails to send the current, so that there is no 
confusion. What the clock does regularly at each beat 
the observer does when a star crosses the wires of his 
transit eye-piece. He presses a spring, and an additional 
current at once makes a puncture on the barrel The 
time at which the transit of each wire has been effected 
is estimated from the position the additional puncture 
occupies between the punctures made by the clock at each 
second. 

dS4* By this method, which is also termed the chrono- 
graphic method, the apparatus used being called a ebro- 
nograpbi the observer is enabled to confine his attention 

to the star, and after observing with the telescope can at 
leisure make the necessary notes on the punctured paper, 
which when filled, is taken off the barrel and bound up as 
a permanent r( c h d. 

535. With the transit circle the position of a body 
on the celestial sphere can only be determined when 
it is on the meridian. The eqiaatorlal enables this 
to be done, on the other hand, in every part of the sky, 
though not with such extreme precision. The object is 
brought to the. cross wires of the micrometer eye-piece, 
and the declination circle at once shows the declination 
of the object. The right ascension is determined as 
follows:— At the lower end of the polar axis is a circle 
divided into the 24 hours of right as ension. This circle 
is not fixed. Flush with the graduation are tw^o verniers ; 
the upper one fixed to the stand, the lower one move- 
able with the telescope. The fixed vernier shows the 
position occupied by the telescope, and therefore by the 
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Y moveable vernier, when the telescope is exactly in the 
meridian. Prior to the observation, therefore, the circle 

>\ is adjusted so that the local sidereal time, or, in other 
• ^ words, the right a^^cension of the part of the celestial 

V sphere in the meridian, is brought to the fixed vernier. 
J The circle is then carried by the clockwork of the instru* 

menty and when the cross wires of the telescope are 
adjusted on the object, the moveable vernier shows its 
right ascension on the same circle, 

/ 

y 

Lesson XlML-^CarrecHons applied to Observed Places. 
Jnstrufnental and Clock Errors. Corrections for Re* 
fraction and Aberration. Corrections for Parallax', 
Corrections for Litni-solar Precession, Change of 

Equaiorial into Ecliptic Co-O) diiuites, 

536. ^After the astronomer has made his observations 
of a heavenly body— and has freed them from instni* 
•mental and clock errors, if his telescope is not perfectly 

levelled or collimatcd, or his circle is not perfectly centred, 
or if the clock is either fast or slow — he has obtained 
what is termed the observed or apparent place. Thi^, 
however, is worth very little : he niii-^t, in order to obtain 
its true place, as seen from his place of observation, apply 
other corrections rendered necessary by certain properties 
of light. These properties have been before referred to 
in Arts. 450 and 451, and are termed the refraction and 
aberration of light Refraction causes a heavenly body 
to appear proportionately hlgl^r the nearer it is to tho 
horizon ; in the zenith its actidn is niti near the horizon 
it is very decided, so decided that at sunset, for instance, 
the sun appears above the horizon after it has actually 
sunk below it. 

It will be seen, therefore, that refraction depends only 
upon the altitude of the body on the sphere of obser- 
vation. 
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a37. The correction for refraction is applied, therefore^ 
by means of ^me such table as the following : — 



Tabl£ of Refractions. 



Apparent 
Akitude. 


1 

Mean 
Refiacckm. 


Apparent 
Altitude. 


Mean 
Refiactioo. 
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o 
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II 
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4 
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1 
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25 
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27 


23 
•J 
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4 




I 


O 


24 




14 
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47 
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30 


20 


CI 
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32 
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0 


18 


■ 9 


20 
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2 


37 


2 


30 


t6 


' I 


25 
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14 


i« 


30 
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40 
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30 


12 


48 


35 
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22 


4 


0 


II 


39\ 


40 


0 


I 


9 


S 


0 


9 


4; 


43 


Q 


0 


58 


6 


0 


8 


23 


SO 




0 


48 


7 


0 


7 


20 1 


60 


0 


0 


33 


8 


0 


6 


30 


70 


0 


0 


21 


9 


0 


5 


49 


8a 




0 


10 


lO 


0 


5 


16 


90 


0 


0 


0 



538. This t.iblc will give a rougii idcd of ihc correction 
applied ; in practice, the corrections arc in turn corrected 
according to the densities of the air at the time of obser- 
vation. In the case of the transit circle, or altazimuth, 
the correction for refraction is apphed by merely reducing 
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the observed zenith distance by the amount shown in the 
refraction table. 

539. The aberration results from the fact that the 

observer's telescope cariied by the Earth's annual mo- 
tion round the bun must always be pointed a little in 
advance of the star (Art. 451), in order, as it were, to catch 
the ray of light. Hence the star's aberration p^are will be 
diherent from its real place, and as the Earth travels round 
the Sun, and the telescope is carried round with it always 




Fig. 64. — Annual change of a Star's position, due to Aberration : abed, the 
£arth, in d.fferent parts of it£ orbit : a'iVa', the cprresponding Aberration 
places of the Star, varying from Uie true place ii| the direction of the 
Earth's motion at the time, \ 

pointed ahead of the star's place, the aberration place re- 
volves round the real place exactly as the Earth (if its orbit 
be supposed circular) would be seen to revolve round the 
Sun, as seen from the star : the aberration places of all 
stars, in fact, describe circles parallel to the plane of the 
Earth's orbit— if the star lie at the pole of the ecliptic the 
circle will appear as one : the aberration place of a star in 
the ecliptic, since we are in the plane of the circle will 
oscillate backwards and forwards ; that of one in a middle 
celestial latitude will appear to describe an ellipse. The 
diameter of the circle, the major axis of the elUpse^ and 
the amount of oscillation, will in all cases be equal ; but the 
minor axes of the ellipses described by the stars in middle 
latitudes will increase from the equator to the pole. The 
in\ ariable quantity is 2o"492, and is termed the constaut 
of aberration. It expresses, as we have seen, the relative 
velocities of light and of the Earth in her orbit. It is 
determined by the following proportion, bearing in mind 
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that the 360^ of the Earth's orbit are passed over in 363^ 
days, and that light taices 8m. 19s. to come from the 
Sun ; 

Days. m. s. • " 

365^ : 8 19 :; 360 : 20.492 

The mode in which the correction for aberration is 
applied may be gathered from Fig. 67, 




Fig. 65.— j, the Star's true place ; the Aberration place, 

340* The direction of the Earth's motion in its orbit, 
called the Earth's Way, is always 90** behind the Sun's 

position in the ecliptic at the time ; therefore the aber- 
ration place of the star will lie on the great circle passini^ 
through the star and the spot in the ecliptic lying 90 
behind the Sun. 

64-1. Observations of tlie celestial bodies near the 
Karth, such as the Moon and some of the planets, when 
made at different places on the Earth s surface, and cor- 
rected as we have indicated, do not give the same result, 
as their position on the celestial sphere appears different 
to observers on different points of the Earth's surface. 
This effect will be readily understood by changing our 
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position with re^:^nrd to any near object, and observing it 
projected on different backgrounds in the landscape ; the 
nearer we are to the object the more will its position 
appear to change. 

ft4a. To get rid of these discordanceS| the observa- 
tions are further reduced and corrected to what they 
would have been had they been made at the centre of the 
Earth. This is called applying the correction for parallax. 




Fig. 66.— PanUlu of a heavenly body. 



Parallax is the angle under which a line drawn from the 
observer to the centre of the Earth would appear at the 
body of which observations are being made. When the 
body IS in the xenith of an observer^ therefore, its paraliax 
is fiiij it is greatest when the body is on the horizon. This 
is termed the borisontal parallax. The line is always 
equal to the radius of the Earth, but being seen more or 
less obliquely, the parallax varies accordingly, 

T 2 
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543. The value of the correction for parallax is found 
as follows : — In Fig. 65, let j be a star, 2 the zenith, o an 
observer, c the centre of the Karth, and /z the horizon. The 
angle o s c 'ls the parallax of the star s. It is one of the 
properties of triangles that the sides are proportional to 
the sines of the opposite angles : in the triangle osc^ for 
instance, we have 

Sin, osc I sin. cos : : oc i cs. 



The angle 0 s c '\s the parallax of the star ; let us 
therefore call it p. The angle cos ^ 180''— the zenith 
distance, which we will write shprtly, 180°— «y oci% the 
Earth^s radius, which may he cij}ed r, and c s the star's 
distance, which we will call D; solhe equation takes this 
form \ 

Sin./ : sin, (180** — jr) i^r i 

Or (since the sine of 180''— ir is equalVto the sine of ja), 
Sm. p = ^sin. ,ar . » . .\ . . . . (i). 

It is seen that in the case of horizontal parallax sin. s 
becomes equal to i, so that \^ 

Sin.i> » ^ (2). 

As will be seen in the next chapter, this formula en- 
ables us to find the distances of all the heavenly bodies 
that are near enough to have any sensible parallax. 

54-5. From what has been said it will be seen that on 
the celestial s]:t]iere the positions of the heavenly bodies 
are determined by means of either of two fundamental 
planes — one of them the plane of the ecliptic, the other 
the plane of the Earth's equator ; and that a point in the 
line of intersection of these two planes, — that, namely, 
occupied by the Sun at th« vernal equinox, called the first 
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point of Aries, written shortly, T,— is the start-point of one 
of the co-ordinate^ Thus : 



Declination is reckoned N. or S. of the plane of the 

earth's equator. 
Celestial latitude is reckoned N. or S. of the plane of 

the ecliptic. 

Right ascension and celestial longitude are both 

I'^ckoned from the great circle 
which passes through the first 



649. Now one plane marks the plane of the Earth's 
yearly motion round the Sun, the other marks the plane of 
the Earth's daily rotation. If therefore these are change* 
lesS| a position once determined wjU be determined once 
for ail ; but if either the plane the Earth's yearly 
motion or the direction of the inclin^on of the Earth's 
axis change, then the line of intersect^ion will vary^ and 
corrections will be necessary. 

647. We stated in Art. 168 that, roughly speakings the 
Earth's axis was always pointed in the same direction, or 
remained parallel to itself ; but strictly speaking this is not 
the case. It is now known that the pole of the Earth is 
constantly changing its position, and revolves round the 
pole of the ecliptic in about 25,810 years, so that the pole- 
star of to-day will not be the pole-star 3,000 years hence. 

54S. Now a very important fact follows from this ; as 
the Earth's axis changes, the plane of the equator changes 
with it ; and so that each succeeding vernal equinox hap. 
pens a little earlier than it otherwise would do. This 
is called the pireeMrtoii of the equinoxes (because the 
equinox seems to move backwards, or from left to light, 
as seen in the heavens from the northern hemisphere of the 
EarthjSO as to meet the Sun earlier) ,or luni-solar precession. 
The result of this is, that could we see the stars behind 
the 5un, we should see dilferent ones at each successive 
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equinox. In the time of Hipparchus— 2,ocx) years ago — 
the Sun at the vernal equinox was in the constellation 
Aries J now-a-days it is in the constellation Pisces (Art. 

3^1)- \ 

549. The planA of the ecliptic is also subject to 

variation. This is termed the secular varUtton of the 
oVUqnity of the eellptie. 

550. Of these changes, the luni-solar precession is 
the most important ; \ it causes the intersection of the 
two fundamental planes to recede 5o"37572 annually, the 
general precession amounting to 5o"2ii29. To this is 
due the difference in length between the sidereal and 
tropical years (Art. 439) .\ 

551. The cause of these changes, as will be seen in 
Chap. IX.^ is the attraction exercised by the Sun, Moon, 
and planets upon the protuberant equatorial portions 
of our Earth. The effect is to render both latitudes 
and longitudes, and right ascensions and declinations 
variable. Hence the observed position of a heavenly 
body to-day will not be the position occupied last year, 
or to be occupied next year, and apparent positions have 
to be corrected, to bring them to some common epoch — 
such as 1800, 1850, 1880, &c., that they may be strictly 
comparable. ^ 

55a. As was pointed out in Lesson XXIX., astronomers 
not only deal with positions on the celestial sphere de- 
'termined by right ascension and declination, but they 
require to look at it, as it were, from the ecliptic point of 
view, and to know the distances of bodies from that plane, 
still using the same first point of Aries^ as in RA. These 
co-ordinates are termed celestial laiiituk and longitude; 
they are not determined from observation, but are calcu* 
lated from the true RA. and Decl. by me^s of spherical 
trigonometry. 

553. The first thing to be done is to determine what 
is called the obliquity of the ecliptic (written o))— that 
is, the angle the ecliptic makes with the equator^ This is 
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done by observing the declination of the Sun at the two 

solstices, at which times the declination is exactly equal 
to the obliquity. At the summer solstice the Sun is 
north of the equator, at the winter solstice south, by the 
exact amount of the obliquity. 

564.. When co is known, to transform RA. and Decl. 
mto lat. and long, we proceed as follows :— In Fig. 67, 
let s lepresent the body wihose right ascension and decli- 
nation are known ; T thelsign for the first point of Aries, 




Fig* 67. — Transformation of Equatorial and tcliptic Uo-ordinates. 

L part of the equator, so that tLs: the right ascension 
of the body, as RA. is measured along the equator from T ; 
s L part of a meridian of declination, and therefore the 

declination of the body ; the angle LtL the obliquity of 
the ecliptic ; and L T the position of die ecliptic with 
regard to the equator. 
This is what we know. 

What we want to know are, T //, the longitude, and 
^ iL', the latitude. Let us call the right ascension RA., 
the declination d, the longitude /, the latitude \ and the 
obliquity c». 

Before we can determine / and X we must find r s and 
the angle stL, The triangle sL*t\% right-angled at as 
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the meridians of RA. cross the equator at right-angles ; 
by a fonnula of spherical trigonometry we have 

COS. TS = COS. RA. COS. d (i). 

From this is determined t s. Again, we have 

cot. sr L sin. RA. cot. ft (2). 

From this is determined the angle stL, 

In the right-angled triangle s.T L\ in which we want to 
know s L' and T L\ we now know T s ; the angle at 
which is a right angle; and the angle; stU which — 
srL — c»y or the angle I! r L. We get the sine of X 
from the following equation : — 

sin. X s= sin. T jsin.(.y tZ, — «) . , , • (3). 
and we get the tan. of / from this 

tan. / = tan. T i-cos. {sT L — w) . . . C4). 

The actual latitude and longitude are then found from a 
table of sines and tangents. 



^ ^ESSON XIJ V. — Summary of the Methods ty which true 

' I Positions of the Hea7>e}ily Bodies are obtained. Use 
thai is made of these Positions, Determination of Time -, 
of Latitude : of Longitude. 

555. What has hitherto been said in this chapter may 
be summarised as follows : — 

1. The astronomeri to make observations on his sphere 
of observation merely, makes use principally either 
of a sextant 6r an altazimuth. The positions of a 
celestial body thus determined may by calculation be 
referred to the celestial sphere itself, and its RA. 
and Decl. determined. 

2. Observations of a celestial body with regard to the 
celestial sphere itself are principally made by means 
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of a transit circle, or an equaLoridl, by which both 
apparent right ascension and declination may be 
directly determined. 

3. In all observations the instmnicntai and clock errors 
are carefully obviated, or corrected. 

4. Besides the instrumental and clock errors there are 
others — refraction and aberration, which depend upon 
the finite velocity of light, and its refraction by our 
atmosphere. These also must be corrected* 

5. Besides these, another error, parallax, results from the 
observei^s position on the Earth's surface. This is 
corrected by reducing all observations to the cenire 
of the Karth. 

6. There are still other errors depending upon the 
change of the intersection of the two planes to which 
all measurements arc referred. These are got rid of 
by reducing all obsci vations to a point of time (as 
parallax was got rid of by reducing them to a point 
of space — the centre of the Earth). This is accom- 
plished by fixing upon the position of the intersection 
at a given epoch, such as, 1800, iSSo, &c., and re- 
ducing ail observations to what they would have been 
had they been made at such epoch, or what they will 
be when made at such epoch. 

7. The right ascension and declination are then easily 
converted by calculation into celestial longitude and 
latitude if required. 

556. By means of observations freed from all these 
errors, extendi hl; over centuries, astronomers have been 
able to determine the positions of all the stars, and to 
map the heavens with the greatest accuracy. They have 
also discovered the proper motions (Art. 43) of some 
among the stars. 

007. Similarly they have been able to investigate the 
motions of the bodies of our system so accurately, that 
they have discovered the laws of their motions. This 
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knowledge enables them to predict their exact positions 
for many years in advance^and each of the first*rate Powers 
publishes beforehand, for the use of travellers and navi- 
gators an almanac, or ephmiierUi, in which are given, with 
most minute accuracy, the positions of the principal 
stars, the planets, and the Sun from day to day, and" 
the positions of the Moon from hour to hour. Such are 
the English and American " Nautical Almanacs," the 
French " Connaissance des Temps," the German " Ber- 
liner Jahrbuch." These positions enable us to determine 
I, Time. II. Latitude. III. Longitude. 

5A0. When time only is required, a transit instniment 
is employed — that is, a simple telescope mounted like the 
transit circle, without ike circle, or with only a 
small one : the transits <^ stars, the right ascension of 
which has been already determined with great accuracy 
by transit circles, in fixed observatories, being observed. 
This gives us the local sidereal time ; it may, if neces- 
sary, be converted nito mean solar time by the rule in 
Art. 427. 

559. As we have seen in a previous Lesson (XL), all 
that we require to determine our position on the Earth's 
surface is to learn the latitude and longitude. The deter- 
mination of the former co-ordinate in a fixed observatory 
is an easy matter, if proper instruments be at hand. For 
instance: half the sum of the altitudes (corrected for 
refraction) of a circumpolar star« at upper and lower 
culminations, even if its position be unknown, will give 
us the elevation of the pole, and therefore the latitude 
of the place. Or, if we determine the zenith distance 
of a star when passing the meridian, the declination of 
which has been accurately determined, we determine the 
latitude. For since declination is referred to the plane of 
the celestial equator extended to the stars, it is the exact 
equivalent of terrestrial latitude. If a star of 0° declina- 
tion is observed exactly in the zenith, it is known that the 
position of the observer is on the equator ; if the decline- 
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tion of a star in the zenith is known to be 4S°, then our 
latitude is 45^ ; and if a star of, say, N. 39° passes 10" to 
the north of our zenith, then our latitude is 38° 59' 50", 
and so on. 

660« To determine latitude, then, all that is required is 
to know either the elevation of the pole or the zenith 
distance of a heavenly body whose declination is known. 

561* On board ship, and in the case of explorers, the 
problem is for the most part limited to determining the 
meridian altitude of the Sun or Moon, as the sextant 
only can be employed. Suppose such an observation to 
give the altitude as 29** from the south point of the hori- 
zon—that is, 61° zenith distance — and that the Nautical 
Almanac gives its declination ua that day as 12* south ; if 
we were in lat. 12° S. the Sun should be overhead, and its 
zenitli distance would be ;///; as it is 61"* to the south, we 
are 61"^ to the north of 12° S., or in N. lat. 49^ So, if we 
observe the meridian altitude as jo'' from the north point 
of the horizon, or zenith distance 80% and the Nautical 
Almanac gives the declination at the time as 20 N.,u 
our popitiop^ill be in 60'' S. latitude. 
^If&tw^^Ntxtj as to longitude. Longitude is in fact Hme^ 
^ and dirference of longitude is the difference of the times 
at wh^h the Sun crosses any two meridians, the twenty- 
four hours solar mean time being distributed among the 
360" of longitude, so that i hour 15°, and so on. 

563. There arc several ways of determining longitude 
employed in fixed observatories : the most convenient one 
consists in electrically connecting the two stations, the 
difference of longitude between which is being sought, 
and observing the transit of the same stars at each. Thus 
the transits at station A are recorded on the chronographs 
at stations A and B, and the transits at station B are 
similarly recorded at B and A ; from both chronographs 
the interval between the times of transit is accurately re- 
corded in sidereal time, and the mean of all the differences 
gives the difference of longitude. 
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564-. At sea, the problem, which consists of finding the 
difference between the local and Greenwich time, is solved 
generally by one of three methods. The first of these is 
to cany Greenwich time with the ship by means of very 
accurate chronometers, and whenever the local time is 
determined noting the difference between the local time 
and the chronometer. If, for instance, when noon is 
thus determined, the chronometer shows three hours at 
Greenwich, the ship is three hours or 45** to the west of 
Greenwich ; in other words, in long. 45® W. 

565. The second method consists of making use of the 
heavens as a dial-plate, and of the Moon as the hand. 
In the Nautical Ahnandc the distances of the Moon 
from the stars in her course are given for every third 
hour in Greenwich time. These distances are to be cor- 
rected for refi action and paralhx. The sailor, therefore, 
observes the Moon's distance from the stars given in the 
almanac and corrects his observation for refraction and 
parallax; referring to the Nautical Almanac, he sees 
the time at Greenwich, at which the distance is the same 
as that given by his observation, and knowing the local 
time (from day observations) at the instant at which his 
observation was made, the difference of time, or longitude, 
is readily found. 

566. A third method (scarcely, however, available at 
sea) is to watch the eclipses of Jupiter's satellites, which 
are visible all over the Earth, whenever seen, at the same 
instant ; the instant at which they actually take place 
being carefully stated in the Nautical Almanac in Green- 
wich time. If, therefore, one be observed, and the local 
time be known, the difference of time or longitude is also 
known. ^ 




I 



CHAPTER VIII. 

DETERMINATION OF THE REAL DISTANCES AND 
DIMENSIONS OF THE HEAVENLY BODIES. 

[Airy's *' Popular Astronomy," to whirh the author is gre:it1y indebted 
for the main statements in this and the ioiiowing chapters, should here be 
consulted by the teacher.] 

Lesson XLV. — Measurement of a Base Line, Ordnance 
Survey » DeterminaHon of the Length of a Degree^ 
Figure and Size of the Earth. Measurement the 

Moon^s Distance, 

067* We now come to the measurement of the actual 
distances. We have already said that astronomers use 
as a basis for their investigations the methods employed 

by land surveyors, and these methods are based on the 
measurement of angles. As was stated in Art. 5 15, when 
we have two angles and one side of any triangle given, 
we can by means of trigonometry find out all about the 
triangle, whether we have at one of its angles -a tow er we 
cannot reach, or the Sun, or a star. This problem gene- 
rally resolves itself into measuring with great accuracy 
abase line, and then taking at either end of it the angle 
between the other end and the object. For this purpose 
it is necessary, however, that the base line shall be of 
some appreciable length with reference to the distance of 
the object, or shall subtend a certain angle at the object 
itself ; for it is clear that if at the object the line is so 
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small that it is reduced to a mere point, ihc. lines joining 
the two ends of it and the object will be parallel. 

In Fig. 64, if the lengths of the base lines B B' B" be 
known, and the base lines subtend a measureable anc^le 
at a, and the other angles are also known, the distance 
from ft to either c, c'/, e^f,g^ or//, in the triangle represented 
is easily determined. Now if a be supposed to represent 
a distant tower which a land surveyor cannot reach, but 
the distance of which he is anxious to determine, he will 
measure his base line on a level field, and observe the 
angles. Similarly, if a be supposed to represent the 
Moon, Mars, or Venus, under the same conditions, it is 
clear that if cd^ ef^ or gh, represent two places on the 
Earth some thousand miles apart, the distance between 
which is accurately known, exactly the sanre process as 
that employed by the land surveyor in the former case 
will enable the astronomer to determine the distance of 
the Moon, Mars, or Venus, because the Moon is always, 
and the planets named sometimes, sufficiently near to 
operate upon in this manner. This is called determining 
the Moon^s or a planet's parallax. 

5M. If the parallax is very small 1 our instruments fail 
us ; we cannot make the instruments large enough and 
perfect enough to measure the exact angle. This happens 
in the case of the Sun — ^that body is too far off to permit 
of this mode of measuring its distance. 

669. There is this difference, however, between the 
cases: in the former the land surveyor could find the 
distance of the tower, if he did not know the size of the 
Earth ; but in the latter the size of the Earth must be 
known to begin with, as it is impossible to measure directly 
the distance of places far apart ; and their real distance 
can only be calculated from a knowledge of their relative 
positions on a globe the size of which is accurately 
known. 

Before, therefore, astronomers could determine the 
distance of the nearest celestial body, the Moon, to say 
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nothing of the more distant ones, it was necessary that 
the size of the Earth should be accurately known. 

S70. This has been accomplished by means of surveys, 
or triang^ulations, of different parts of the Earth's surface 

— that of England for instance. Here for a moment we 
come back to the work of ordinary surveyors. In the 
first instance, a base line was measured on one of the 
smoothest spots that could be found. One of those chosen 
was on the sandy shore on the east side of Lough Foyle, 
in Ireland : the length of this line was measured with 
most consummate care by means of bars of metal, the 
length of which, at a given temperature, was exactly 
known, and which was, at the time of observation, cor- 
rected for expansion or contraction due to variations of 
tempeiature. The bars were not placed dose together, 
and the intervals between them were measured by means 
of microscopes. The base line by these means was 
measured to within a small fraction of an inch. 

671. At the station at each end of this base line was 
placed a theodolite, or azimuth instrument (Art. 521), for 
determining the horizontal angles between the other 
station and the prominent objects visible, such as hill- 
tops or church towers, &c. : by such means, referr nig back 
to Fig. 62, and representing the base line on Lough Foyle 
by cd^ eff or ghy and any prominent object by a, the dis* 
tancefrom both stations was determined ; in other words, 
the dimensions of each triangle were determined. Each 
station, the position of which with reference to the base 
line was thus established, was made in turn the centre of 
similar observations, until the length and breadth of the 
United Kingdom had been covered with a network of 
triangulation. In each triangle, as the work advanced, 
the new sides, so to speak, were determined from the 
length of the side previously calculated from the obser- 
vations which had gone before, the dimensions of the 
sides first calculated depending upon the base ime actually 
measured. 
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57a. When all the triangulations were complete, it was 
possible to show on a large sheet of paper the exact posi- 
tions of all the stations chosen for the triangulation, and to 
measure the exact distances between them. The accuracy 
of the work was verified at the end by calculating the 
side of a certain triangle on Salisbury Plain, and then 
testing the accuracy of the calculated length of the side 
(which depended upon the accuracy of the one previously 
determined, and so on, till at last it depended upon the 
accuracy of the base line actually measured in Ireland,) 
by actually measuring the side itself. Ti:e agreement 
between the two determinations was nearly perfect. 

The map of the United Kingdom has been constructed 
by delerminincf the positions of the principal stations in 
this way, and then fillmg in the triangles by a similar 
process on a smaller scale. 

573. Now, how do we connect the map of England 
with the size of the Earth ? In this way : it enables us to 
measure the length of a degree of latitude. 

What this means will have already been gathered 
from what was siud in Art. 1 59. As the Earth is round 
(or round enough for our explanation), if it were possible to 
walk along a meridian from the equator to either pole, the 
stars in our zenith would change ; we should begin with 
a star of 0"" declination over our head, and we should linish 
with a star of 90^ declination over our head, having passed 
over 90^ of latitude ; and if it were possible to measure 
exactly how far we had walked, we should have the 
measure of a quarter of the Earth's circumference. 

57d. But this is impossible ; what can be done is to 
measure the change in zenith distance of the same star, or 
the zenith distances of two stars the positions of which are 
accurately known, in countries which have been accurately 
triangulated and mapped. For instance, we can make 
such observations at the Observatories of Greenwich and 
Edinburgh, which are hearly on the same meridian, and 
determine the difference of the zenith distance of the same 
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star observed at both. Now, thanks to the Ordnance 
Survey, the distance between the two Observatories 
is known to within a few yards, so we at once have the 
following proportion : — 

Difference r f zeniths . (" Di-tances between) . . -i, • / I-cngth of a 
dL^Lancc J ' I ob.sc:rvaLories i * ' ' X. decree. 

and then if the Earth were round, 

1" : 360'' : : length of : circumference of the Earth. 

« 

S7B. That the Earth is not quite round has been de- 
monstrated by such surveys as the one we liave referred to, 
made near the equator, and in higher northern latitudes 
than Knglind. It lias been found that the length of a 
degree in dilierent latitudes varies as follows : — 

\ Mean Lat. Length of if>in 

o EnglUh feet. 

India^ 12 362,956 

- » 16 363>o44 

France 45 3^4* 572 

England s± 364,951 

Russia 56 365,291 

Sweden 66 365,744 

It. follows from these measurements, that near the 
equator we have to go a shorter distance to get a change 
of lenith distance of I'^than near the poles ; consequently 
the Earth's surface is more curved at the equator and 
more flattened at the poles than it is in middle latitudes. 

577. From these varying lengths of a degree we can 
determine not only tlie amount of polar compression of 
the Fartli, but its circumference, and therefore its dia- 
meters, which are as follow ; — 

English feci. 

Equatorial diameter 41,852,404 ^ V 

I'ol^^r „ 41,709^790 ^ , 

But this is not all. Tlie most recent results of the 

various triangulations have taught us that the Earth is 

V 



290 



[ciiAP. vni. 



not quite truly represented by an oranj^je — at all events, 
unless the orani;c be slij^htly squeezed ; for the equatorial 
circumference is not a perfect circle, but an ellipse, the 
longer and shorter equatorial diameters being respectively 
41,^53^258 and 41,850,210 feet That is to say, the 
equatorial diameter which pierces the Earth from long. 
8^ 15' west to iSS"' 15' west of Greenwich is 1,000 yards 
longer than that at right angles to it.* 

578. Having now the exact form and dimensions of the 
Earthy it is easy for us to determine the distance between 
any two places the positions of which on .the garth's 
surface are accurately known. JLa^^ 

579. We arc, therefore, in a position to measure the 
dibtancc of the Muun, if we find that, as seen from two 
places as far apart as possible, say Greenwich and the Cape 
of Good Hope, there is a sensible change in the position 
she apparently occupies on the background of the sky ; 
for the line joining the two places may be used as a base 
line, and observations may be made on the Moon at c«ich 
end of it, that is^ at the two stations named, exactly as 
observations were made at each end of the base line at 
Lough Foyle. 

580. As the two stations are not visible from each 
other^ what is done in each case is to measure the polar 
distance of the Moon (north polar distance at Greenwich 
and south polar distance at the Cape), and it is clear that^ 

in the case of a star, N. P. D. + S. P. D. would be equal 
to 180'. 

This premised, in Fig. 68, in which a section of the 
Earth is sliown, let E represent the centre of the Earth, 
G the observatory at Greenwich, and C that at the Cape 
of Good Hope, both situated nearly on the same meridian. 
As the stars are so distant that they appear in the same 
position viewed from all parts of the Earth — because, as 
seen froru them, the diameter of the Earth is reduced to 
a point — the dotted parallel lines, S G and S' C represent 

• Clarke, **Gcod«sy," i88>. 



niniti7*>H bv 



CHAi'. Via ] DKTEKxMINATION OF DISTANCES. 291 



the apparent positions of a star, S, as seen from Greenwich 
and the Cape. For llie same reason tlic clotted lines, 
GP and C P'y parallel to the axis of the Earth, represent 
tlie apparent positions of the north and south poles of 
the heavens as seen ft oni the ])laces named. The angle 
PCS therefore represents the north pohir distance of the 
Star as seen from Greenwich ; the angle P' CS represents 




Jb'ic. 6&.— Measuruneat of the Mooa's distance. 



the south polar distance of the same star observed at the 
Cape : and these two angles will of course make up 

It is seen from the diagram that the north polar 
distance of the Aloua as seen fro.n Giceawich, which is 
observed, is greater than that of the star. 

Similarly, the south polar distance as seen from the 
Cape, which is also observed, is greater than that of 
the star. 

Therefore these two polar distances added together are 
greater than 180^, greater in fact by the angles SGM 
and S CM, which are equal to GMJ£ + CME^GMCi 

V 2 
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The angle GMC is determined by observation to be 
about i^^: therefore, as we know the length of the radii 
Cr£ and CE, in addition to the two angles observed and 
the one deduced, plane trigonometry enables us easily to 
determine the Hnes MGyMC and ME^ which are the 
distances of the Moon from Greenwich^ the Cape, and 
the centre of the Earth respectively. 

Ml. It also enables us to determine the angles GME 
and C M E, which represent the parallax (Art. 543; of 
the Moon as observed at Greeniwich and ihc Cape re- 
spectively. In this manner the mean equatorial horizontal 
parallax of the Moon has been determined to be 
nearly 57' 2". 



Lesson XLVi,^Deiermimtion of the Distances of 
Venus and Marss of the Sun, Transit of Venus, 
The Transit of 1 882. 

^ Ma. Hik method may be adopted to determine the 

distance of Venus when in conjunction with the Sun, and 
of Mars when in opposition ; but it is only applicable in 
the former case when Venus is exactly between us and 
the Sun, or when she is said to transit or pass over his 
disc — when, in short, we have a transit of Veavuij of 
which more hereafter. 

In the case of Mars in opposition, there is, how- 
ever^ another method by which his distance may be 
determined by observations made at one observatory. 
In this method tlie base line is not dispensed with, but 
Instead of using two different places on the Earth's sur- 
face, and determining the actual distance between them, 
we use observations made at the same place at an interval 
of twelve hours ; in which time, of course, if we suppose 
them to be made on the equator, the same place would be 
at the two extremities of the same diameter, that is 8,000 



Digitized by 



CHAP. Vfii ] DETERMINATION OF DISTANCES. 293 



miles apart : if the observations are not made actually on 
the equator, it is still easy, knowing 
exactly the shape and size of the Earth, 
to calculate the actual difference. Fig. 
71, which represents « section of the 
Earth at the equator, will ^explain this 
method. O and O represent the posi- 
tions of the same observer at an inter- 
val of twelve hours, the Eaiih being 
in ttiat time carried half round by its 
movement of rotation ^ M the planet 
Mars : and S a star of the same de- 
clination as the planet, the direction of 
the star being the same from all points 
of the suiface as from the centre. At 
0| when Mars is Jtising at the place of 
observationi let the observer measure 
the distance the fiftafiet will appear to 
the east of the slar^ at when Mars 
is setting at the plaDce of observation, 
and therefore when the Earth's rota- 
tion has carried him to the other end 
of the same diameter, let him again 
measure the distance the planet will 
appear to the west of the staj. He 
will thus determine, as in the case oi 
the Moon, the angle the line joining 
the two places of observation subtends 
at the planet. In the case.of observa- 
tions made at the equator, the Earth's 
equatorial diameter forms ihe bane 
Une, The angle it subtends is deter^ ^ 
mined by observation ; and this can * 
be accomplished, although both the 
Earth and Mars are moving in the in- 
terval between the two observations, as ihe jnotion of 
both can be taken into account. Here again ihien, when 
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the size of the Kartli is known, the distance of Mars 
can be detcnnincd by plane trigonometry. 

684>. As seen from the Sun, the Earth's diameter is so 
small that it is useless as a base line, and consequently 
the Sun's distance cannot be thus measured, 

asa. The Sun's distance can however be obtained 
indirectly by methods based upon the discovery of Kepler, 
that the distances of the orbits of the planets from the 
Sun and from each other are so linked together, that if 
we could determine any one of the distances, all the rest 
would follow. It was in this way that Dr. Gill, from 
observations of Mars made at the island of Ascension in 
1877, fixed the Sun's distance at 93,080,000 miles. He 
used the plan of measurement just described in Art. 
and known as the diurnal method of parallaxes/' y'M^t 



586. As we have seen, however, Mars does not coi 



SO near to us as Venus ; but it happens that when Venus 
comes nearest to us, it comes between us and the Sun, 
and consequently its dark side is towards us, aijid we can 
only see it when it happens to be exactly between us and 
the Sun, when it passes over the Sun's disc as a dark 
spot, a phenomenon called a transit of Venus. These 
transits happen but rarely: the last happened in 1882; 
the next will not occur until the year 2004. But when 
they do happen, as the planet is projected on the Sun, 
the Sun serves the purpose of a micrometer, and great 
advantages (unfortunately not always realised in practice) 
are offered for observation. The measure of the Sun's 
distance — one of the noblest problems in astronomy, on 
which depends " every measure in astronomy beyond the 
Moon^ the distance of and dimensions of the Sun and 
every planet and satellite, and the distances of those 
stars whose parallaxes are approximately known," — is 
accomplished then by the following method, pointed out 
by Dr. Halley in 17 16. 

387. We have seen that when Venus crosses the Sun's 
disc during its transit it appears as a round black spot. 




nir)iti7*>H bv 



CHAPViii ] DETERMINATION OF DISTANCES. 29; 



Let us suppose two observers placed at two different 
stations on the Earth, properly chosen for observations of 

the phenomenon ; one at a station A in the northern hemi- 
sphere, another at a station /> in ihc southern one. When 
Venus is exactly between the Sun and the Earth, the ob- 
server at A will see her projected on the Sun, moving on 
the line CD in Fitf. 70 ; the southern observer at B will, 
from his lower station, see the planet K projected higher 
on the disc, moving on the line EF, Now, what we 




Fig. 70.— a TtansU of Venusi. 



reqtiire to know, in order to determine the Sun's distance, 
is the distance between ^ese lines. 

If the distance between the two stations is sufficiently 
great) the planet will not appear to enter on the Sun's 
disc at the same absolute moment at the two stations, 
and therefore the paths traversed, or the chords/' wil* 
be different. Speaking generally, the chords will be of 
unequal length, so that the time of transit at one station 
will be different from the time of transit at the other. 
This dift'crence will enable us to determine the difference 
in the length of the chords described by the planet, and 
consequently their respective positions on the solar disc. 
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and the angular amount of their separation. Now, this 
separation is what we want to know. 

58S. We already know the relative distances of Venus 
from the Earth and Sun ; they are as 28 to 72 nearly ; 
and whatever the absolute distances may be, the value of 
the separation of the two chords, in miles, will be the 
same. It is evident, for instance, duu if the Sun were 
exactly as far from Venus on one side as vve^are on the 
other, and the observers occupied the two poles of the 
Earth, the separation would be equal to the Earth's dia- 
meter ; but as the Sun is further from Venus th«m we are, 
in the proportion of 72 to 28, if the transit were observed 
from two stations, each chosen not too far from the 
£arth*s poles, the separation of the two chords on the 
Sun would amount to 18,000 miles; and this proportion 
holds good whatever the distance. 

ae0. At the two last transits of 1S74 and 1882, photo- 
graphy was employed to determine the differences in 
apparent position of Venus on the Sun, as viewed from 
remote stations on the Eartli. The problem seemed a 
very simple one. It was only to measure the amount of 
separation between the projected places of the planet, 
and the proportion of that amount to the whole diameter 
of the Sun. The value of the separation being already 
known in miles, this would give the real size of the Sun, 
whence its distance would at once follow. The results, 
however, showed marked discrepancies, not even the 
best photographs being sharply defined enough to b^r 
measurement of the required minute accuracy. 

We are accordingly thrown back upon eye-ob- 
servations, and they take this form. The moments of 
ingress and egress are carefully noted at both stations, 
the diftVrenccs in the Icngtli of the two chords showing 
us on what part of the Sun they lie ; this known, it is easy 
to determine their separation in seconds of arc. 

As the difference between the observed times of transit 
at the two stations is the quantity which determines thQ 
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amount of separation, it is important to make this differ- 
ence as great as possible, since then any error bears a 
smaller proportion to the observed amount. 

591. This is accomplished by carefully choosing the 
stations, bearing the Earth's rotation well in mind. T.et 
us introduce this consideration, and see^ not only how 
it modifies the result, but also with what anxious fore- 
sight astronomers prepare for such phenomena, and why 
it was requisite in 1769, as well as in 1882, to go so far 
from home to observe them. 

Let us take the transit of 1882. The instant and place 
(true perhaps to a second of time and arc) at which the 




planet would enter and leave' the solar disc were calculated 
long beforehand; in other words, it was known exactly 
how the Karth would be hangincr in space as seen from 
the Sun — how much the south pole would be tipped up— 
how the axis would exactly lie— how the Earth would be 
situated at the moments of ingress and egress. Fig. 71 
shows how the planet appeared to cross the Sun as seen 
from the Earth. Fig. 72 shows the same circle with lines 
reversed, representing the points of ingress and egress, 
viewed in the same direction as the illuminated side of 
the Earth is viewed. 

592. Now if we suppose two planes cutting the centre 
of the Earth and those parts of tlie Sun's limb at which 
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the planet entered and quitted the solar disc, we shall see 
in a moment why it was that some parts of the Earth saw 
the planet enter the disc sooner than others. Some parts, 
on the other hand, saw it leave the disc later : in other 




Fig. 73. — Illuminated side of the Earth at Ingress, Dec. 6d. 2h. 



words, according to the position of a place with reference 
to the plane of which we have spoken, both the ingress 
of the planet and its egress appeared to take place earher 
or later, as the case might be. 

Now the object in selecting stations was to find a place 
where both the ingress was accelerated and the egress 
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retarded, and another where the ingress was retarded and 
the egress accelerated, thus giving the greatest difference 
in the duration of the transits—the greatest difference 




Fig. 74.— lUumuuted side of the Earth at Egress, Dee. 6d. 8h; 



in the length of the chords, of which we have before 
spoken. 

For abridged duration^ accordingly, Bermuda and 
Jamaica were fixed upon as stations ; for lengthened 
duration, the Cape, New Zealand, and various points in * 
New Zealand. The results have not yet been published ; 
but their accuracy is known to have been impaired by 
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atmospheric and optical phenomena tending to confuse 
determinations of the predse instants of contact between 
the limbs of Venus and of the Sun. 

592 a. There is, however, another means of obtaining 
the Sun's distance quite independent of trigonometrical 
measurements. This is the method by the velocity of 
light. We have already stated (Art. 450), that the effect 
called ''aberration/' by which the stars seem to describe 
little ellipses about their true places, depends upon the 
relative velocity of light and of the Earth in its orbit. 
Hence, if we knew exactly how fast light travels we 
should also know how fast the Elarth travels, consequently, 
the si2e of its orbit and its distanoe Irom the Sun. Now, 
within the last few years, experiments of very great 
nicety have been made with the view of finding this out. 
A series completed by Professor Newcombat Washington 
in 1S82, give as their result which can scarcely be in error 
more than eighteen miles either way, that light is trans- 
mitted through the ether of space at the rate of 186,828 
miles a second. This gives for the mean distance of the 
Sun 92,965,020, or in round numbers, 93 million miles, 
which agrees very closely with Dr. Gill's determination 
from the opposition of Mars in 1877. So that we may 
fairly consider the problem of the Sun's distance as 
solved. 

LEsboN XLVIL---Compan'son of the Old and New Values 
wfthe Sutfs Distance. Disiance of the Stars, Deter^ 
mination of Real Sizes* 

sea. The value of the Sun's distance obtained from 
observations of the transit of 1769 was aljout 95,o<:>::),<xx) 
miles. This is now known to have been about 2,ouo,oco 
of miles too large. 
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The oldValue of the parallax obtained by Encke 

from ihevtransit of Venus was 8*578 

The new value^tained by Hansen, from the Moon's 

parallactic equation . 8*916 

„ Winnecke, from obser- 

vations of Mars . . 8 964 

» 99 Stone 8930 

„ Foiicault and Corn Ujfrom 

the velocity of Hght • 8'86o 

Leverrier, fyom the mo- 
tions of a^Sf Venus, 
and the Mooq • . . 8*866 

Gill, from the opposition 
of Mars . . . .\ . 8 7S0 

Newcomb, from the v6r 
locity of light . . , . ^^794. 

The extreme dnierence between the old and new vahies, 
= two-fifths of a second of arc, amounts to no more than 
a correction to an observed angle represented by the 
apparent breadth of a human hair viewed at the distance 
of about 125 feet 

Having now obtained the Sun's distance, we can 
advance another step in our investigations : — I. We 
began with a measured base line in a field, and by it 
determined the distance of a tower we could not reach. 
II. Then the Earth was measured, and, with a base line 
between Greenwich and the Cape of Good Hope, the 
distance of the Moon was determined. III. Next, using 
the Earth's diameter (8,cx3o miles) as a base line, the dis- 
tance of Mars was determmed, then that of the Sun itself. 
I\^ Havin;:^ thus obtained the distance o( the Sun, we are 
in possession of a base line of enormous dimensions, for 
it is clear that the positions successively occupied by 
our Earth in two opposite points of its orbit will be 
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i86yOOOy00o miles apart Are we then really here sup- 
plied with a base line sufiicient to measure the distances 
of the stars? No ; in the great majority of cases the 
parallax is so small that there is no apparent difference 

in the position as observed in January or July, 1 cbruary 
and August, »5i:c. As seen from the fixed stars, that 
tremendous line is a point ! Now instrument such as 
is ordinarily used should show us a: parallax of one second 
— that is, an angle of i' formed at the star by half the 
base line wc are using — and ^parallax of i" means that 
the object is 206,265 times fitrther away than we are from 
the Sun, as the Sun's distance is the half of our new base 
line. Here then we g^c a limit. If the star's parallax 
is less than i", the^^tars must be further &way than 
93,000,000 miles multiplied by 906,265 ! 

595« In the great majority of cases, however, the true 
zenith-distance of a star is the same all the year round ; 
and as this true place results' from the several corrections 
referred to in the last chapter beinj]f applied, it is very 
difticult when there is a slight \ at i.ition, to ascribe it to 
parallax, since a slii^ht error in the refraction, or the pre- 
sence of jinii)cr motion in the star, would q^ive rise to a 
greater ditlcrence in the places than the one due to paral- 
lax, which in no case amounts to i''. Hence, as long as the 
problem was attacked in this manner, very little progress 
was made, the parallax of a Centauri alone being obtained 
by Henderson ^d''^i^y (since corrected too' vs). 

Bessel, however, employed a method by which the 
various corrections were done away with, or nearly so. 
He chose a star having a decided proper motion, and 
compared its position, night after night, by means of the 
micrometer only, with other small stars lying near it which 
had no proper motion, and which therefore he assumed to 
be very much further away, and he found that the star 
With the proper motion did really change its position 
with regard to the more remote ones, as it was observed 
from ditferent parts of the Earth's orbit. This method 
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has since been pursued with great success: here are 
Tables showing some of the results : — 

Table I. — Parallaxes of Stars which have been determined in 
the NoylJurn Heavens with considerable Accurcuy, 



01 Cygni 

Lalande 21185 

-^4 Grooiiibritlge ... 
l.:tlatide 21258 ...... 

U. Mg. 17^4*5 

9 Draconis 

/ Uphiuchi ...... 

<s Bootts ..•...•#»•.•... 

( '.roombridKc 1330.. 

IJratllcy, 3077 

3 5 i'cgasi 



8 

9 




Vt ipcr motion. 



5'M 
475 

4*40 
J "37 
1*87 

0-3S 

I'O 

a'43 

7-05 

2 r 

138 



• H 

0*50 

o'»5 

O "i'o 
0*17 
0*13? 

0*07 
o"o5 



Table W^-^RtsuHs of Recent Researches on the Parallax 
Stars in th£ Southern Hemisphere, 



Name of Star. 



Observer. 



±ual 

inulton 
in arc 



c/3 



( cntauri ... 

Sirius 

Lacaille 9352 

e Indi 

<>2 Eriilani ... 
< Kridaui ... 
ucan*e .<• 

CmIIOJ)11S 



G. and K. 
G. 

C. and E. 
(i. 
E. 
£. 

K, 

Cr. 



Parallax. 



.52 

o lA rt 
u ^ P 



I 



"-5 



I r: 
'J B 



I 


// 


// 




I 


3 '^7 






I 


1 .'>4 


o' ,S 


?,6 


^\ 

1 / i 


6 f>s 


(J ' J J 


1 1 '6 


1 ' 


4 63 


0"22 




410 


o" 1 7 


;^ 




3 03 


0 14 






3*05 


Ot>6 


54 




0*00 


Ttv cnsiMf. 




1' 


- 1 




1 ~ 



M 

9 
7 7 

64 

lOI 
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The same principle was adopted in a series of researches 
lately carried out with great exactness by Drs. Gill and 
Elkin at the Cape of Good Hope. Fig. 75 shows on an 
enormously n\agnificd scale the parallactic ellipse de- 
scribed by a Centauri, and the stars by comparison with 
which it was measured. Fig. 76 shows the annual fluctua- 







FiG. 75.— Showing comparison stars employed in determining the 

parallax of « Centauri. t 



tions of apparent distance between a Centauri and the 
comparison stars. 

596. So much for the measurement of distances. When 
the distaiice of a body is known, and also its angular 
measurement, its size is determined by a simple propor- 
tion, for the distance is, in fact, the radius of the circle on 
which the angle is measured. 

There are 1,296,000 seconds in an entire circum- 

r , , V 1296000 . 

ference : there are therefore -.,.,fr seconds m that part 
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of a circumference equal to the diameter, and - 1^9^^-^ 

3 1416 X 3 

«s 206265'' in that part of the circumference equal to the 
radius. 
We h^ye then 

in mile* \ ) ( i" miks f \ Jiamctcr J ( 206265 ; 

or^ calling tha real diameter dy and the distance 

^ _ I> X ^ngular diameter /^n 
V 206265 

597. For insts^nce, the mean angular diameter of the 
Moon is 3i'8"*8 V= i868"*8, and its ciisLance is 237,640 
miles. To determiii^e its real diameter^ we have 

d = ^ ? = 2153 miles, 

200265 ^ 

In Table IL of the A^endix are given the greatest 
and least apparent angulSt,r diameters of the planets as 
seen from the Earth. Tnte reader should, from these 
values and the distances give^ in Art. 377, determine the 
real diameters for himself. 

598. Knowing the real and also the apparent angular 
diameter, we can at once determine the distance by trans- 
posing equation i, as follows : — 

^ _ 206265 X d \ . X 

angular diameter \ 
in seconds. 



. ijui..^ Ly Google 



CHAPTER IX, 



UNIVERSAL GRAVITATION. 

Lesson XLVllL—'/^^s^ and Motion. Parallelogram of 
Forces, Law of Falling Bodies, Curvilinear Motion, 
Newtofis Discovery^ Fall of the Moon to the Earth. 
Kepler* s Laws. 

699. If a bod^ at rest receive an impulse in any direc- 
tion, it will move in that direction, nnd with a uniform 
motion, if it be not stopped. U on the Earth we so set a 
body in motion — a cricket^ball, for instancei along a field — 
it will in time be impeded by the grass. If we fire a cannon- 
ball in the air, the cannon-ball will in time be arrested by 
the resistance of the air; and, moreover, while its speed 
is slackening from this cause, it will fall, like everything 
else, to the Earth, and its path will be a curved line. If 
it were possible to fire a cannon in space where there is 
no air to resist, and if there were no body which would 
draw it to itself, as the Earth does, the projectile would 
for ever pursue a straight path> with an uniform rate of 
motion. 

600. In foot, the moment a stone is tluown from the 
handy or a projectile leaves the cannooi on the Earthy 
there is superadded to the original velocity of 
projection an acceleration directed towards the 
Earth; and the path actually described is what is called 
a rcfliataiit of these two velocities. 

X 2 
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601. Let us make this clear with regard to motion in a 
straight line on the Earth^s surface. Suppose that the 
cricket-ball Ay in Fig. 77, receives an impulse which will 
send it to i? in a certain time ; it will move in the direction 

AB. Suppose, again, it receives an impulse that will send 
it to C in the same time ; it will move in the direction y^C, 
and more slowly, as it has a less distance to go. But 
suppose, again, that boih tliese iinpuls.-s are given at the 
same moment ; it will Tieilhrr go to B nor to C, but will 
move in a direction between those points. The exact 
direction, and the distance it will go, are determined by* 



completing the parallelopfram ABCD^ and drawing the 
diagonal AD^ which represents the direction and amount 
of the compound motion. 

eoa. All bodies on the Earth fall to the Earth, as an 
apple from a ireej and it is from this tendency that the 
idea of weiei^t is derived, and of the difference between 
a light body and a heavy one. This idea, however, is often 
incorrectly held, because the atmosphere plays such a 
. large part in every-day life. For instance, if we drop a 
shilling and a feather, the feather will require more time 
to fall than the shilling : and it would at first appear that 
the tendency to liill, or the gravity, of the feather was 
different from that of the shilling. This, however, is not 
so ; for if we place both in a long tube exhausted of air, 
we shall find that both will fall in the same time : and it 
is usual to measure gravity or attraction by the space 




Fig. 77,— Parallelogram of Forces. 
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through which bodies fall, in feet and inches, in one second 
of time. The diffidence in the time of fall in air, then, 
depends upon the unequal resistance of the air to the 

bodies. 

603. Various machines have been invented at different 
times for measuring exactly tlie rate at which a body falls 
to the Earth, and it has been found that the rate of fall 
goes on increasing with the distance fallen through. Thus 
a body fails in one second through a distance of 16^ feet, 
and hasithen acquired a velocity of 32^ feet per second, 
and so on : so that, generally, the space fallen through 
in any given number of seconds is equal to 16^ feet 
multiplied by the square of the time. If we repre- 
sent the space fikllen through by the velocity acquired 
after a fall of one second by and the time by /, we 
have 

2 

604. Now if a cannon-ball were left unsupported at 
the mouth of the gun, it would fall to the Earth in a 
certain time : when fired from the gun it has- superadded 
to its tendency to fall a motion which carries* it to the 
target, but in its flight its gravity is always at work, and 
the law referred to in Art 601, holds good in this- case 
also, which is- one of curvilinear motion r and as the 
cannon-ball is pulled out of its straight course towards 
the target by the action of the Earth upon it, pulling it 
down, so in all cases of curvilinear motion there is a 
something deflecting themoving body fron^the rectilinear 

COUIbC. 

605. Sir I saac Newton was the first to sec that the 
Moon's curved path was similar to the curved path of a 
projectile, and that both were due to the same cause as 
the fall of an apple, namely, the attraction of the Eartb, 
He saw that on the Earth's surface the tendency of 
bodies to fall was universal, and that the Earth acted, as 
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it were, like a magnet, drawing' everything free to move 
to ity even on the higiiest mountains; why not then at 
the distance of the Moon ? And he immediately applied 
the knowledge derived from observation on falling bodies 
on the Earth to test the accuracy of his idea. 

606. Newton's discovery of the law of gravitatioii 
teaches us that the force of gravity is common to all kinds 
of matter. Its law of action may be stated thus : — The 
force with which two material particles attract 
each other is directly proportional to the pro- 
duct of their masses, and inversely proportional 
to the square of the distances between their 
centres. Now the intensity of a force is measured by 
the momentnm, or joint product of velocity and mass, 
produced in one second in a body subjected to this force, 
and this measure of force must be remembered in dis- 
cussing the above law of gravity. 

607. ThuSy if our unit of mass be one pound, and if 
this pound be allowed to fall towards the Earth, at the end 
of one second it will be moving with the velocity of 32^ 
feet per second. Now let the mass be a ten-pound weight ; 
it might be thought that, since the Earth attracts each 
pound of this weigiu, and therefore attracts the whole 
weight with ten times the force (see above definition) 
with which it attracts one pound, we should have a much 
greater velocity produced in one second. The old school- 
men thought so, but Galileo showed that a ten-pound 
weight will fall to the ground with the same velocity as a 
one-pound weight. A little consideration will show us 
that this is quite consistent with our definition of gravity 
and our definition of force. Undoubtedly the ten-pound 
weight is attracted with ten times the force, but then there 
is ten times the mass to movej so that even although the 
velocity produced in one second is no greater than in 
the one-pound weight,- yet if we multiply this velocity 
by the mass the momentum produced is ten tiuies 
as great 
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L Now, since it is each individual atom of the 
Earth that attracts each individual atom of the weight) 
we might expect, from our definition of gravity as well as 
from the well-known law that every action has a reaction, 
that the Earth, when the weight is dropped, at the end of 
one second rises upwards to the weight with the same 
momentum that the weight moves downwards to the 
Earth. No doubt it docs ; but as the Earth is a very 
large mass, this momentum represents a velocity infini- 
tesimally small. 

609. Again, were the Earth twice as large as it is, it 
would produce in one second of time a double velocity, 
or 64i feet per second ; and were it only half as laige, we 
should have only half the velocity, or 16^ feet per second 
produced. 

eio. Hence we see that at the surface of the Moon the 
gravity is very small, whereas at the surface of the Sun it 
is enormous. There remains to consider the element of 

distance. 

A body at the surface of the Earth, or 4,000 miles from 
-its centre, acquires, as we have seen, by viiLue of the 
Earth's attraction, the velocity of 32^ feet per second at 
the end of one second. During this one second it has 
not, however, fallen 32J feet ; for, as it started with no 
velocity at all, and only acquired the velocity of 32^ feet 
at the end, it will have gone through the first second with 
the mean velocity of i6j^ feet ; it will, in fact, have fallen 
16^ fleet from rest in one second. Now this body, at the 
distance of the Moon, or sixty times as far off, would 
only fall in one second towards the Earth a distance of 

of a foot. Let us look into this a htUe 

60x60 3600 
closer. 

611. Experiment shows, as we have seen, that attrac- 
tion, or gravity, at the Earth'5 surface causes a body to 
fall i6^\ feet in the hrsi second of fail, after which it has 
acquired a velocity of 2 X J 6|\ = 32^ feet during the second 
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second, and so on^ according to the squaie o£ the time 
(Art. 603). Thus 

f?et. feet. 

Fall in I second =^ 1 X = 16^"*^ 

2 seconds = 4 X 16^^ = 
» 3 w « 9 X 16^ - 

„ 4 « 16 Xm6i^ « 257^ 

„ 5 « = 25 X i6iV = 402A 



6ia. The Moon's curved path is an exact representa- 
tion of what the path of our cannon-ball (Art. 604) would 
be at the Moon's distance from the Earth ; in fact^ the 
Moon's path MM\ in Fig. 78, is compounded of an artn 
ginal impulse in the direction at right angles to EM^ and 




therefore in the direction MB^ and a constant ptill towards 
the Earth — the amount of pull being represented for any 
arc by the line MA (Fig, 78). To find the value of MA^ 
let us take the arc described by the Moon in one minute^ 
the length of which is found by the following propor- 
tion : — 

27d. 7h. 43m. ; im. ; ; 360' ; 33" nearly =^ MM\ 

From this value of the arc, the length of the line MA is 
found to be ibjV feet when ME = 240,000 iiaki. i iu^^ 
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is, a body at the moon's distance fails as far in one minute 
as it would do on the £aith's surface in one second — that 
is, it fails a distance 60 times less. A body on the Earth's 
surface is 4,000 miles from the Earth's centre, whereas the 

Moon lies at a distance of 240,000 from that centre — that 
is, exactly (or exactly enough for our present purpose) 
60 times more distant. 

613. It is found, therefore, that the deflection pro- 
duced in the Moon's orbit from the tangent to its path in 
one second is precisely of j^j^ a foot. Here we see that, 

as the Moon is sixty times further from the Earth* s centre 
than a stone at the Earth's surface^ it is attracted to the 
Earth 60 X 60, or 3600 times less. In fact, the force is 

seen experimentally to vary inversely as the square of the 
distance of the falling body from the surface. It was this 
calculation that revealed to Newton the law of universal 
gravitation. 

eiA. Long before Newton^s discovery, Kepler, from 
observations of the planets merely, had detected certain 
laws of .their motion, which bear his name. They are as 
follows:*— 

I. Each planet describes round the Sun an orbit of 
elliptic form, and the centre of the Sun occupies 
one of the foci. 

II. The areas described by the radius-vector of a 
' planet are proportional to the time taken in de* 
scribing them. 

III. If the squares of the times of revolution of the 
planets round the Sun be divided by the cubes 
of their mc.in distances, the quotient will be the 
same for all the planets. 

615. We have alre.idy in many places referred to the 
first law : II. and I II. require special explanation, which'' 
we will give in this place. We stated in Art. 293 Uiat the 
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planets moved faster as they approached the Sun ; 11. 
tells bow much faster. The radius-vector of a planet 
is the line joinmg the planet and the Sun. If the planet 
were always at the same distance from the Sun, the 
radius-vector would not vary in length ; but in elliptic 
orbits its length varies ; and the shorter it becomes, the 
more rapidly does the planet progress. This law gives 
the exact measure uf the iucied^e or decrease of the 
rapidity. 

616. In Fig. 79 are given the orbit of a planet and 
the Sun situated in one of the foci, the ellipticity of the 




Fig. 79.— Explanation of Kepler's second law. 



planet's orbit being exaggerated to make the explanation 
clearer. The areas of the three shaded portions are equal 
to each other. It is readily seen that where the radius* 
vector is longest, the path of the planet intercepted is 
shortest^ and 2'ice versd. This^ of course, is necessary to 
produce the equal areas. In the figure, the arcs P P^, 
J\ P^y and are those described at mean distances 
perihelion and aphelion respectively, in equal times ; there- 
fore, as a giea-lci distance has to be gut over al perihelion 
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and a less one at aphelion than when the planet is situated 
at its mean distance, the motion in the fonner case must 
be more rapid, and in the latter case slower, than in other 
parts of the orbit 

M7» The tlurd Ulw shows that the periodic time of a 
planet and its ^stance from the Sun are in some way- 
bound together, so that if we represent the Earth's dis- 
tance and periodic time by I, we can at once determine 
the distance of, say, Jupiter from the Sun, by a simple 
proportiiHi j thus-^ 



Sqtiatreof 
EMth's 
period 

I X I 



Jupiter's 
period. 

ir86 X ivS6 



CuT)e of 
Earth's 
distance 

I X I X I 



Cnhe of 
Jupiier s 
distance 

I40S59- 



That is, whatever the distance of the Earth from the Sun 

may be, the distance of Jupiter is 1/ 140 Unies greater. 

(18. The following table shows the truth of the law 
we «e considering : — 




Mercury 
Venus 
Earth 
Mars . 
Jupiter 
Saturn 
Uranus 
Neptune 



Periodic Time. 

8797 . 
22770 . 
,65-25 . 

. 4532*5^. 
. 10759.22 V 
, 30688*30 
. 60180*86 . 



Me^n distance* 


Time squared. 


h'jiu ill = i. 


Distance cubed. 


• 0-3871 . 


. 133,421 


. 07233 . 


• 133^413 


. I'OOOO . 


• 133^ 


• 15237 • 


. i334io 


. 5*2028 • 


• 133,294 


- 9*5388 . 


♦ i33»40i 


Xi9*i834 . 


. 133,404 




' i33>4ii 



Lesson XL IX. — Kepletf's Second LtffW proved. Cefttri- 
fugat Tendency. Centripetal Fierce. Keplet^s Third 
Law proved. The Come Sections^ Movement in an 
Ellipse^ 

619. As these laws were given to the world by Kepler, 
they simply represented facts ^ for, owing to the backward 
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State of the mechanical and mathematical sciences in hfs 
time, lie was unable to see their hidden meaning. Xhis 
was reserved for the genius of Sir Isaac Newton, after 
Kepler's time. 

MO. Newton showed that all these laws established the 
truth ctf the law of gravitation, and flowed naturally from 
it. In Fig. 80y let •$* represent the centre of the Sun, and 

F a planet, at a given moment During a very short time 
this planet will describe a part of its orbit PF^ and its 
radius-vector will have swept over the area PSF. If no 
new force intervene, in another similar iiuerval the planet 
will have reached V'\ the area P'SP" being equal to 




FtG. Sow— Proof of Kepler^i iooond law. 

PSP according to Kepler's second law. But the planet will 
really describe the arc FB^ and the area FSB will be 
equal to FSF' ; as the trianc^les are equal, and on the 
same base, the line F'B wiil be parallel to FS ; and 
completing the parallelogram P'F'BC^ we see that the 
planet at F was acted upon by two forces, measured by 
FP" and /"'C— that is, by its initial velocity and a force 
directed to the Sun. Hence Kepler's second law shows 
that this force is directed towards the Sun. 

6ai« A good idea of the tendency of bodies to keep 
in the direction of their original motion may be gained 
by attaching a small bucket, nearly filled with water, 
to a rope, and by swinging it round gently ; the ten- 
dency of the water to fly off will prevent its falling out 
of the bucket ; and it will be found that the more rapidly 
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the bucket is whirled round, the greater will be this 
tendency^ and therefore the tighter will be the rope. 

The circular movement of the bucket is repre- 
sented ill Fig. Si. A represents the bucket, OA the rope; 
let us suppose that the bucket receives an impulse which 
in the absence of the rope, would have sent it in the direc- 
tion AB with an uniform motion. In a very short time, 
being held by the rope, it will arrive at and A d 




Fig. 8i.— Circular Motion. 



measures the force applied by the rope. Call thij forccy^ 
we have 

Ad^l/i^ ... . (i). 

Further, the distance traversed— that is, A c—\s deter- 
mined by the velocity (y) of the bucket, and the time 
taken (/}, so we have Ac ^w/ ; and the arc A c being 
taken equal to its chord, we have, representing the radius 
byi?, 

A(^^2RxAd (2). 

But A c ^ vtiUvidA d = \ff' ; therefore, 

vH^^2Rxyi'' (3). 

= (4) 
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This gives the acceleration in feet indqiendentiy of the 
mass m of the bucket ; if the force is sought in pounds, m 
must be introducedi and the equation becomes 

<s>- 

This measures, in the instance we have quoted, the amount 
of pull on the rope, the rope holding the bucket by a iorce. 



^ equal in amount and opposite. The first is called 

the eentriteffal teiuleiieFi the second the centr^tai 
force. 

As the entire circumference 2 ir 7? (where vir 3*1416 
and R » radius) is traversed at the velocity v in the time 
we have 

that is, p » (6). 

Substituting this in equation 4, we get 

/ = ^ or - 4^- ^ (7). 

6S3. Now if for a moment the orbits of the planets be 
treated as circles, this formula gives the acceleration of 
their motion—that is, the force of attraction on a unit of 
mass at the planet's distance, as attraction does exactly 
for the planet what the rope does for the bucket. 

Let it next be supposed that several planets at differ- 
ent distances from the Sun represented by RH'R" 
. . . . are revolving round him in diUcrent times, TT^T** 
. ... we shall have in each case 

/=4>r'^ /'=4^^ f^^^Ji 



■2 



But, by Kepler's third law, in each case the squares of the 
times of revolution 7"* T"^ arc proportional to the 
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cubes of the distance from the Sun Ji, J^^ &c. Calling 
this law Lf we have in each case 

y 



Dividing the foimer equations by these, we get 

that is, in each case /, or the attraction on the unit of 



Fig. 8a.— Ihe Conic Sections: A B the circle ; CI? the eclipse ; EFi\i^ 

hTperbola; (r /f Uw panliola. 

mass, varies in the inverse ratio of the square of the 
distances. 

624.. Newton also sl^owed, in a similar mnnner, that 
the nttraction is pi (iprn tional to the product of the masses 
of the bodies ; and that it we take two bodies, the Sun 
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and our Earth, for instance, we may imagine all the 
gravitntinq- enc rLncs of each to be concentrated at their 
centres, and that if the smaller one receives an iinpulse 
neither exactly towards nor from the larger one, it will 
describe an orbit round the larger one, the orbit being 
one of the conic sections— that is, either a circle, ellipse, 
hyperboldi or parabola. Which of these it will be de- 
pends in each case upon the direction and force of the 
original impulse, which, as the movements of the 
heavenly bodies are not arrested as bodies in movement 
on the Earth's surface are, is still at work, and suffices for 
their present iuoveineiiib. \\ eie ihc auiactioii of the 




Fig. 83. — Diagram showing how the varying velocities of a body revolving 

in an orbit are caused and conir^Uci. 

central body to cease, the revolving body, obeying its 
original impulse, would leave its orbit, in consequence of 

the centrifugal tendency it acquired at its original start : 
were the centrifugal tendency to cease, tlic centripetal 
force would be uncontrolled, and the body would fall 
upon the attracting mass. 

625. Next let us inquire how it is that equal areas are 
swept over in equal times. This is easily understood in 
a circle, and may be explained as follows in the ellipse : — 
In a circle the motion is always at a right angle to the 
line joining the two bodies ; this condition of things 
occurs only at two points in an ellipse, at the ams, 
or extremities of the major axis — the aphelion and 
perihelion points. 



Digitized by Google 



CHAP, ix.] UNIVERSAL GRAVITATION. 321 



600. In Fig. 83 the planet P is moving in the direction 
/'7'ithe tangent to the ellipse at the place itoccupiesi 
and this direction is far from being at right angles to the 
Sun, so that the attractive force of the Sun helps the 
planet along. At it is equally evident that the attrac- 
tive force is pulling the planet back. At P"thc attractive 
force is strong, but the planet is enabled to overcome it 
by the increased velocity it has acquired from being 
acted upon at P ; while at F" the attractive force is 
weaV, but the planet is not able to overrnme it, on 
account; of its velocity having been enfeebled from being 
acted upon as at 



Lesson L. — Atiracling and Attracted Bodies considered 
separately. Centre of Gravity. Determination of 
the Weight of the Earth; (f the Sun; of the 
Satellites* 

ea7. As every particle of matter .a tracts every other 
particle, the smaller bodies attract the lari;rer ones ; so 
that, to speak of the Sun and Earth as examples, the 
Earth attracts the Sun as well as the Sun the Earth. 

628. Now, it must here be remarked that, at the same 
distance, the attraction of one body on another is quite 
independent of the mass of the attracted body. If we 
take the Earth as the attracting body, for instance, and 
the Sun and Jupiter when equally distant from the Earth 
as the attracted bodies, leaving for the present mutual 
attractions out of the question, th6 Earth's attractive 
power over both is equal, and is the same as it would 
be on a pea or on a mass larger even than the Sim, at the 
same distance. That is, if we had the Sun, Jupiter, a 
pea, and a mass larger than the Sun, at the same distance 
from the Earth, the Earth's attraction would pull them 

Y 
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through the same number of feet and inches in one second 
of time* 

•89. Secondly, still dealing with attracted bodies at 
the same distance from the attracting body, not only 
will the attraction be the same for all, but it will depkend 

upon, and vary with, the mass of the attracting body. 

630. lliudly, if the attracted bodies be at different 
distances, the power of the attracting body over them 
varies inversely as the square of its distance from them. 

631. If we consider the mutual attractions, then the 
attraction of a body with, say, one unit of mass will be 
l,ooo times less than that of a body with i,ooo units of 
mass — ^this proportion beings of course, kept up at all 
distances. If in the case of two bodies, such as the Earth 
and Sun^ all the attraction were contained, say, in the 



Fig. 84.— Centre of Gravity anJ Moiion in tlie c.ise of cqu^l nutsses. 
A and two equal masses ; the centre of gravity and moiion. 

Snn, then the Karth would revolve round tlie Sun, the 
Sun's centre bcmg the centre of motion ; but as the Earth 
pulis the Sun, as well as the Sun the Earth, a conse* 
quence of this is, that both Earth and S un revolve round 
a point in a line joining the two, called the centre of 
gra^ltj. The centre of gravity would be found if we 
could join the two bodies by a bar, and 6nd out the point 
of the bar by which they could be suspended, scale fashion. 
It is clear that if the two bodies were of the same mass, 
such a point of suspension would be half-way between the 
two ; if one be heavier than the other, the point of sus- 
pension will approach the heavier body in the ratio of itj 
greater weight, lathe case of the Sun and Earth, for 
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instance, the centre of gravity of the two lies within the* 
Sun's surface. 

632. It follows from what his been stated, that the 
masses of the Sun, and of those planets which h n c satel- 
lites, call be determined, if the mass of our own Earth 
and the various distances of the attracted bodies from 
their centres of motion are known : for, knowing the 
mass of our Earth, we caa compare all attracting bodies 
With it, as their attractions are independent of the masses 
of the attracted bodies (Art. 628) , and the law that attrac- 
tion varies inversely as the square of the distance is 




Fin. Ts. — Centre of Gravity and Motion inthq case of unequal massc:>. 
A and two unequal mas&es ; c, the centre of gravity auUuiot.on. 

established (Art. 606) ; so that we can exactly weigh them 
against the Earth. Thus we can weigh the Sun, because 
the planets revolve round him ; and from the curvature of 
their paths we can determine his pull, and contrast it with 
the Earth's pull. We can similarly weigh Jupiter, Saturn, 
Uranus, Neptune, and the double stars whose, distances 
and orbits are known. 

633. Further, attraction is not only a co;i trolling farce 
keeping each planet and satellite in its orbit with regard 
to the central body, but it is a disturbing or perturbating 
force^ seeing that every body attracts every other body : 
hence its effects are of the most complicated kind, as 
will be seen presently. By carefully watching the per- 
turbating effects of our Moon on the Earth ; and of those 
planets which have no satellites, and of the satellites of 
jupiier, Saturn^ Uranus, and Neptune upon each other; 

Y 2 



Digitized by Google 



324 



ASTRONOMY. 



[chap. iX. 



their masses, in terms of the Earth's mass, have also 

been determined. Let us see how this has been done. 

934. It is not sufficient to determine the Earth s bulk 
or volume, because it might l)c light, like a j^as, or heavy, 
like lead. The meau density, or specihc gravity^ of its 




Fig. 86.— Showing the differences in the curvature of the orbits of Jupiter 
and the Earth. J JC tad £ F, thu Mi towards the Sun. 

materials— that is, how much the materials weigh, bulk 
for bulk, compared with some well-known substance such 
as water — must be determined. 

686. The following methods have been used to deter* 
mine the density of the Earth 

I, By comparing the attractive force of a large ball 
of metal with that of the Earth. 
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11. By determining the degree by which a large moun- 
tain will dclicct, or pull out of the upright towards 
it, a plumb-line. 
III. By determining the rate of vibration of the same 
pendulum — 

{a) on the top and at the bottom of a mountain. 
(^) at the bottom of a mine, and at the Earth's 
surface. 

eae. It will be sufficient here to describe the first 
mentioned method| which was adopted by Cavendish in 




Ftc. 87. — TAe Cavendisk Bxptrhnent, A B, the small leaden balls on the 

rod C. D the suspending wire J' G, the larj^e leaden balls on one 
side of the small ones. // A', the large leaden baUs m a position on the 
other aidot 

1798, and called the Cavendish experiment. The weight 
of anything is a measure of the Earth's attraction. Caven- 
dish, therefore, took two small leaden balls of known 
weighty and fixed them at the two ends of a slender 
wooden rod six feet long, the rod being suspended by a 
fine wire. When the rod was perfectly at rest, he brought 
two large leaden balls, one on either side of the sniall 
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ones. If the larfre halls exerted any appreciable attrac- 
tive influence on the smaller ones, the wire wonld twist, 
allowing each small ball to approach the large one near 
it ; and a telescope was arrang^ to mark the deviation. 

037. Cavendish found there was a deviation. This 
.enabled him to calculate how large it would have been 
.had each large ball been as laige as the Earth. He then 
had the attraction of the Earth, measured by the weight 
of the small balls, and the attraction of a mass of lead as 
large as the Earth, as the result of his experiment. The 
density of the Earth then was to the density of lead as 
the attraction of the Eartli to the aitraciivc force of a 
leaden ball as large as the earth. This propoi tioa gave 
a density for the Earth of 5*45 (corrected later to 5'55) 
as compared with water, the density of lead being ii'3> 
compared with water. With this density, the weight or 
mass of the whole Earth can readily be determined ; it 
amounts in round numbers to 

6,ooo,ooopoo,ooo^ooo,ooO|00o tons : 

but this number is not needed in Astronomy ; the relative 
masses indicated in Art. 147 are sufiicient. 

038. Then as to the mass of the Sun. The question 
isy how many times is the mass of the Sun greater than 
the mass of the Earth ? We shall evidently get an answer 
if we can compare the action of the Earth and Sun upon 
the same body. Now, on the J^artiis surface, at 4,000 
miles from its centre, a body falls 16^ feet in a second. 
Can we determine how far it would fall at 4,000 miles 
from the centre of the Sun? This is easy since we can 
determine as in the rnse of the Moon (Art. 612) how far 
the Karth falls to the Sun in a second : it is found to 
be '0099 feet. But this is at a distance of 92,965,000 
miles from the Sun's centre. We must bring this to 
4,000 miles from the Sun's centre, or 23,241 times nearer. 
Now as attraction varies inversely as the sqtiare of the 
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distance, we must multiply the square of 23^241 by '0099 
to represent the fall of the body in one secmid at 4,000 
miles from the Sun's surface. The result is SMVA^T 
feet Then 

ft, ft. 

: 5,337 A^7 ' - i : 331,8^7 

The mass of the Sun therefore is roughly 33I9867 times 
greater than that of the Earth. The correct mass is 
stated in Table IV. of the Appendix. 

639. Similarly from the orbit of any one of the satel- 
lites we determine iLs rate of fall at 4,000 miles from the 
centre of any of the planets, and then compare it wUh 
the i6^^o feet fall oa the Earth's surface. 

Or we mr^y determine the Sun's mass from 
equation 7 (Art. 622) in this way : — 

XheVentrifugal tendency of the Earth in hex orbit 

=4jr2Y\ and this equally measures the Sun's attrac- 

tion, whichHf proportional to his mass^ and inversely as 
the square ort^e distance ; so that we have 

Sun's mass „ ^ / \ 

—j^ =4^-2i4 



\ 



Or Sun's mass = A^r" (2) 

X 

Again, we may take 41^ ^ to represent the Earth's 

attraction on the Moon j so that 

Earth's mass 4^^*^ ^ (3). 

Dividing the Sun's mass by the Earth's mass (that is, 
dividing equation 2 by equation 3), we get— 

S un's mass _ ^wi! /.\ 
, Earth's mass ^F^r» 
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Wb next subblituLc values : — 

/?^s^.the Sun's distance! ,,,k r..,,,^*^^^ 

from the earth J 
T = the Earth's year . . = 365*265 days. 

r « the Eimh'|distaAce ) ^ ^ ^^^^ diameters, 
from tVe Moon . ) " 

/*« the MoonVpeiiod. . = 27*321 days. 

So equation 4 beconih^ : 

' Sun's mass 11,744^ X 27*3212. 
Earth's mass ^ 365-263- x 29-982=» 

This should be worked out. ^ . 

In the sani6 way we may detepnine the mass of Jupiter, 
Saturn^ Uranus, or Neptune. 

e4l» The f6rce of gravity on thi^ surface of the Sun or 
a planet, compared to that on our^arth, may be deter* 
'mined in the following manner : 

Let us take the case of the Sun. If take the Earth's 
radius, mass, and gravity, each as i, th^n the gravity on 
the Sun's surface compaied to that on the Earth's will 

be- 

Sun's mass 3'5o'ooo , 

_ _iL ^ 27'6 

Square of distance ic^'S"* \ ' ' 
... \ 



Lesson lA.—Gemral Effect of Ait ncfiotu Preccsnon of 
the Equinoxes ; how caused. Nutation. Motions of ^ 
the Ec^h^s Axis,, The Tides. Semi-diurnal^ Springy 
and Neafi T^des. Cause of the Tides. Their prth 
bable Effect an the EartHs Rotcdion. 

e4&* What has gone before will show that it is the 
attraction of gravitation which causes the planets and 
satellites to pursue their paths round the central body; 
that their motion is similar to that of a projectile fired on 
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the Earth's surface, if we leave out of consideration the 
resistance of the air; and that Newton's law enables us 
to determine the masses of the Sun and of the other 
bodies {nnn their motions, when the mass of the Earth 
itself is known. 

64>3. Moreover, the orbit which each body would de- 
scribe round the Sun or round its primary, if itself and 
the Sun or primary were the only bodies in the system, is 
liable to variations in consequence of the existence of the 
other planets and satellites, since these attract the body 
as the Sun or primary attracts it, the attractions varying 
according to the constantly changing distances between 
the bodies. These irregular attractions, so to speak, are 
called perturbations, and the resulting changes in the 
motions of the bodies are called inequalities if the dis- 
turbances are large, and secular ineqaaUties if they are 
of such a nature that they require a long period of time 
to render them sensible. 

644. These perturbations, and their results on the orbits 
of the various bodies, arc among the most difficult sub- 
jects in the whole domain of astronomy, and a sufficient 
statement and explanation of them would carry us beyond 
the limits of this little book. We will conclude this 
chapter, therefore,* with a reference to two additional 
effects of attraction of a somewhat diflferent kind, and of 
the utmost importance, on the Earth itself. One results 
from the attractions of the Sun and Moon on the equa- 
torial protuberance, and is called tlie preeeasion of the 
equinoxes j the other is due to the attractions of the Sun 
and Moon on the water on the Earth's surface, whence 
result the tides. 

645. Let the equatorial protuberance of the Earth be 
represented by a ring, supported by two points at the 
extremities of a diameter on a horizontal concentric ring, 
and inclined to its support as the Earth's equator is 
inclined to the ecliptic. Let a long string be attached to 
the highest portion of the ring, and let the string be pulled 
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horizontally, at rit^lu ani^les to the two points of suspension, 
and away liom ihe centre of the ring. This pull wiJ 
represent the Sun's attraction on the protuberanre. The 
effect on the rini; will be that it will at once take up a 
horizontal position ; the highest part of the ring will fall 
as if It were pulled from below, the lowest part will rise 
as if pulled from above. 

•46. The Sun's attraction on the equatorial protuber- 
ance in certain parts of the orbit is exactly similar to the 
action of the string on the ring, but the problem is com- 
plicated by the two motions of tlie Earth. In the first 
place — in virtue of the yearly motion round the Sun — the 
protuberance is' presented to the Sun differently at different 
times, so that twice -a year (at the solstices) the action is 
greatest, and twice a year (at the -equinoxes) the action 
is ;//7y and, in the second place, the Earth*s rotation is 
constantly varying that part of the equator subjected to 
the attraction. Ill' 

6A7. If the Earth were at rest, the equatorial protuber- 
ance would soon settle down into the plane of the ecliptic ; 
In consequence, however, of its two motions, this result 
Is jprevented, and the attraction of the Sun on a particle 
situated in it is limited te causing that particle to meet 
the plane of the ecliptic earlier than it otherwise would 
do if the Sun had not this special action on the protuber- 
ance. If we take the presentation of the Earth to the 
Sun at the winter solstice (Fig. i8), and bear in mind that 
t]ie Earth's rotation is from left to right in the diagram, it 
will be clear, that while the particle is mounting the 
equator, the Sun's attraction is pulling it down ; so that 
the path of the particle is really less steep than the equator 
is represented in the diagram : towards the east the 
particle descends from this less height more rapidly than 
it would otherwise do, as the Sun's attraction is still ex- 
ercised : the final compound result therefore is, that it 
meets the plane of the ecliptic sooner than it otherwise 
would have done. 
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64.8. Whnt happens with one particle in the protuber- 
ance happens with all^ one half of it, therefore, tends to 
fall, the othei\ half tends to rise, and the whole Earth 
meets the strain by rolling on its axis : the inclination of 
the protuberanc^to the plane of the ecliptic is not altered, 
but, in consequence of the rolling motion, the places In 
which it crosses that plane precede those at which the 
equator would crosssit were the Earth a perfect sphere ; 
hence the term preee^aion. 

649. In what has gone before the sphere inclosed in 
the equatorial protuberance has been neglected, as the 
action of the Sun on the spherical portion is constant : it 
plays an important part, however, in averaging the pre- 
cessional motion of the entire planet during the year, 
acting as a break at the solstices, when the Sun's action 
on the equatorial protuberance is most powerful, and 
continuing the motion at the equinoxes, when, as before 
stated, the Sun's action is m'L • 

660. Also, for the sake of greater clearness, we have 
omitted to consider the Moon, although our satellite plays 
the greatest part in precession, for the following reason : 
The action referred to does not depend upon the actual 
attractions of the Sun and Moon upon the Earth as a 
whole, which are in the proportion of 120 to i, but upon 
the difference of the attraction of each upon the various 
portions of the Earth. As the Suii's distance is so great 
compared with the diameter of the Earth, the dlUerential 
effect of the Sun's action is small ; but as the Moon is so 
near, the differential effect is so considerable that her 
precessional action is three times that of the Sun. 

661. An important result of the motion of the protu- 
berance has now to be considered. The -change in the 
position of the equator, which follows from the rolling 
motion, is necessarily connected with a change in the 
•Earth's axis. 

- €5fl. In Fig. 88, let ^Z- represent the plane of the ecliptic, 
CQ SL line perpendicular to it, A/e the position of the 
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equator at any time at which it intersects the plane of the 
ecliptic in The position of the Earth's axis is in the 
direction C p. When, by virtue of the precessional move- 

niciUs, ihe cqucilor has taken up the position /ir^, crossin^^ 
the plane of the ecliptic in ^, the Earth's axis will occupy 
the position C p', 

e53. The lines Cp and Cp' have both the same inclina- 
tion io CQ. It foUowSi thierefore, that the motion of the 

\ 

\ 

\ 




Earth's axis due to precession consists in a slow revolution 
round the axis of the celestial sphere^ perpendiculat to 
the plane of the ecliptic. 

654. Superadded to the general effect of the Sun and 

Moon in causing tlie precession uf ilic equinoxes, or luni- 
solar precession, is an additional one due to the Moon 
alonCj termed nufcation. 
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655. The Ivloon s nodes perfonn a complete revolution 
in nineteen years (Art. 244) ; consequently for half this 
period the MooWs orbit is inclined to the ecliptic in the 
same way as tti^ Earth's cqtiator is, though in a .less 




FtG. 8sK— Expldi^on of Nutation. 



degree (;////, Fig. 89,if^represeiHing the mean inclination). 
During the other half the orbir is inclined so that its 

divergence from ihc plane of the Earth's equator, is 
very considerab'e (pq)- 

656. It follows, from what we have already seen in the 
case of the Sun, that in the former position, 7nn^ the 
precessional effect will be small, while in the latter posi- 
tion,/ it will be great. 

657. Hence the circular movement of the axis which 
causes the precession of the equinoxes is not the only 




Fig. go^^Apparem motion of the Pole of the Equator, P% round the Pole 

of the heavens (or Ecliptic), n. 



one ; there is another due to the Bntotion, Were the 
pole at rest, we should have from this latter cause a small 

ellipse described every nineteen years ; but since it is in 

motion, as we have seen in Ai t. 653, the two motionb aie. 
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compounded so that the motion of the pole of the equator 
round the pole of the ecliptic, instead of being circular^ is 

waved. 

658. The effect of these mouons of the Earth's axis 
on the apparent position of the heavenly bodies, and the 
corrections which are thereby rendered necessary, have 
already been referred to at length ia Lesson XLlll. 

We next come to the tides. 

659. The waters of the ocean rise and fall at intervals 
of 12 hours and 25 minutes— that is^ they rise and fall 
twice in a lunar day (Art. 423). When the tide is 
highest^ we have Uffh wiiler, or flood ; after this the tide 
ebbs, or goes down, till we^have low water, or ebb : and 
after this the water flowS| 6r increases again to the next 
high water, and so on. \ 

660. . We not only have two tides in a hinar day, but 
twice \\\ the lunar month— about three days after new and 
full Moon -the tides are higher than usual : these are 
the sprinif tides. Twice also, three days after the Moon 
is in her quadratures, they are lower than usual; these are 
the neap tides. It will be gathered from the foregoing 
that the tides have something to do with the Moon ; in 
fact, these phenomena are due to the attraction of the 
Sun and Moon on the fluid envelope W the Earth, and, 
as in the case of luni-solar precession, not only is it to the 
differential action of these bodies, and ntA to their abso* 
lute action, that the effect is due, but the two periods 
correspond with the lunar day and the \nar month, 
because the Moon's differential attraction is far greater 
than that of the Sun. ^ 

661. If we take the Sun's distance as 23,482 terrestrial 
radii, and its mass as 330,000 times that of the Earth, the 
Earth's action on a particle of water at its surface being 

represented by i, then.||^^ and ||^-gp will represent 

the Sun's attraction on a particle on the sides of the 
Earth adjacent to it and turned away from it respectively. 
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In the case of the Moon we shall have, similarlyi 

and ^ ^.f ; it is readily seen that the differential attrac-r 

tion, therefore, in the case of the Moon is much greater 
than in the case of the Stin. 

668* It may be stated c^enerally, that the semi-diurnal 
tides are'caused by the Moon (although there is really a 
smaller daily tide caused by the Sun), that the semi* 
monthly variation in their amount is due to the Sun's 
tide being added to that of the Moon when she is new and 
Ui 11 — that is, when the Sun and Moon arc pulling together ; 
and subtracted from it when at the first and last quarters 
they are pulling .crosswise, or at right angles to each 
other. 

663. The double daily tide arises from the action of 
the Moon on both the water and the Earth itself. On the 
side under t)ic Moon the water is pulled from the 
Earth, piled up under the Moon, as the Moon's action on 
the surface wdjter is greater than its action on the Earth's 
centre ; but, foz; the same reason, the Moon's attraction on 
the Earth's centre is c^reater than its attraction on the water 
on the opposite sjdc ui die l.arth, so that in this case, as 
the sohd earth mU^t move with its centre, the Earth is 
pulled from the\water. There are, therefore, always 
two tides on the Earth's surface ; and it is to the motion of 
rotation of the Eartn\ under this double tide — which is 
a state of the water mVcl)' ^^ it;hout progressive motion 
^nearly at rest under ihp Moon, and under which the 
Earth (as it were) slips round — that the occurrence of two 
tides a day instead of one is due. There is, in fact, an 
ellipsoid of water inclosing the Earth, which always 
icniains wiih its Ioniser axis pointing to the Moon. 

66^. The existence of a state of high water under, or 
neaily under, the Moon, docs not depend merely upon the 
direct attraction of our satellite upon the particles imme- 
diately underneath it, but upon its action upon all the 
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particles of water on the side of the Earth turned to it, 
all of which tend to dose up under the Moon. The force 
acting upon these particles is called the tangential com* 
ponent of the attraction ; and this is by far the most 
powerful cau^ of the tides, as it acts at right angles to 
the Earth's gravity, whereas the direct attraction of the 
Moon acts in opposition to it. 

665. The spring and neap tides, which, as we have 
seen, depend upon the combmed or opposed action of the 
Sun and Moon in loTit:;'itnde, are also infliiCDccd by the 
difference of latitude between the two bodies. Of course, 
that spring tide will be highest which occurs when the 
Moon is nearest her node, or in the ecliptic. The apex of 
the semi-diurnal tide also follows the Moon throughout 
her various declinations. 

666. The phenomena of the tides are greatly compli- 
cated by the irregular distribution of land. The time of 
high water at any one place occurs at the same interval 
from the Moon's passage over the meridian ; this period 
is difterent for different places. The interval at new or 
full Moon between the times of the Moon's meridian 
passage and high water is termed the estaUiaiimeBt of 
fhe port. \ 



667. Although in the open ocean the velocity of the 
tidal undulation may he 500 or ev^i^ 900 miles an hour, in 
shallow waters the undulation is retarded to even seven 
miles at the same time that its height is increased. The 

average height of the tide round the islands in the Atlantic 
and Pacific Oceans is but 34 feet ; whereas at the head of 
the Bay of Fundy it is 70 feet. As the tidal undnlation 
does not move so rapidly as the Earth does, since it is re- 
gulated by the Moon, it appears to move westward while 
the Earth is moving eastward ; and it has been suggested 
that this apparent backward movement tf^/x as a break on 
the Earth's rotation, and that, owing to the effects of tidal 
action, the diurnal rotation is, and has been, constandy 
decreasing in velocity to an extremely minute extent At 
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all events, if the sidereal day be assumed to be invariable, 
it is impossible to represent the Moon's true place at 
intervals 2,ocx) years apart by the tlieory of gravitation. 
On this assumption the Moon, looked upon as a time- 
jMece, is too fast by 6" or 12s. (nearly) at the end of each 
century. This may be due to the fact that our standard 
of measurement of the sidereal day is too slow; and it has 
been calculated that this part of the apparent acceleration 
of the Moon's mean motion may be accounted for by sup* 
posing that the sidereal day is shortening, in consequence 
of tidal action, at the rate of ^\\x part of a second in 
2,500 years. 
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Table I. 

EXPLANATION OF ASTRONOMICAL SYMBOLS 

AND ABBREVIATIONS. 

Si^m of Ike Zodiac, 



0. T Aries . 

1. IS Taurus 
II. n Gemini 

III. cc Cancer 

IV. <^ Leo - , 

V. HI Virgo 

The Sun 
© 



5 Mercury. 

9 Venus, 

e or 6 The Earth, 

6 Mars. 

A Comet. 

a 

6 Conjunction. 
□ Quadrature. 
2 Opposition. 

Ascending Node. 
O Descending Node. 
♦ Sextile, 
h Hours. 

m Minutes of Time. 
« Seconds of Time. 



o 

o 



30 
60 

120 
ISO 



Ill) 



Libra 
Scorpio 



180 
210 



330 



0 Ceres. 

® Pallas. 

<3) Juno. 

® Vesta. 



VL 
VII. 

VIII. X Sagittarius. 240 
\X, Capricomus 270 
X. ^ Aquarius . 300 
XL ^ Pisces. 

The Moon, 

Major Planets. 

n Jupiter. 
1% Saturn, 
^ Uranus* 
y Neptune. 

A Star. 
* 

° D^rees. 
' Minutes of Arc. 
" Seconds of Arc. 
R.A. or M, or Right 

Ascension. 
Decl. or D. or d.. Declina- 
tion. 

N.P.D., North Polar 
Distance. 
Minor Planets. 



© Astra^a. 

© Hebe. 

© Iris. 

© Flora. 



© Metis, 

© Hygeia. ' 

© Parthenope. 

© Victoria. 
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Minor Pi^/x— continued. 

Egeria. 

® Irene. 

© Eunomia. 

@ Psyche. 

® Thetis. 

@ Melpomene. 

© Fortuna. 

© Massalia, 

© Liitctia. 

© CaUiope. 

© Thalia. 

© Themis. 

© Phocaea. 

© Proserpine. 

© Euterpe. 

© Bellona* 

© Amphitrite. 

@ Urania. 

© Euphrosyne. 

@ Pomona. 

@ Polyhymnia. 

@ Circe, 

® Leucothea. 

© Atalanta. 

@ Fides. 

© Leda. 

© La?titia. 

© Harmonia. 

© Daphne. 

© Isis. 

© Ariadne. 

@ Nysa. 

© Eugenia. ^ o-'iana. q 





Hestia. 


\#7/ 


/ig^idia. 








f aies. 




Y U^IUtCk 












\^tiiyp50. 








x^anaora. 




jvidece. 




ifiiiciiiubyric. 




Concordia. 




uiympia. 




jCfCno. 




jjanae. 












A n (7^11 no 

^ii^cima. 




jyiitMinjiuana. 












Leto 




xicai^eria. 










© 


P'eronia. 




Clytie. 


® 


G^^Iatca. 


® 


Eurydice. 




Freia. 


© 


Frigga. 




Diana. 



S 
® 

® 

@ 
© 
@ 
@ 
© 
® 

© 

© 
© 
© 
@ 

© 

® 
© 

@ 

@ 



@ 



Eurynome. 
Sappho. 

Terpsichore. 
Alcmene 

Beatrix. 

Clio. 

lo. 

Semele. 

Sylvia. 

This be. 

Julia. 

Antiope. 

iCgina. 

Undina. 

Minerva. 

Aurora. 

Arethusa. 

iCgle. 

Clotho. 

lanthe. 

Dike. 

Hecate. 

Helena. 

Miriam, 

Hera. 

Clymene. 

Artemis. 

Dione. 

Camilla. 

Hecuba. 

Fclicitas. 

Lydia. 

Ate. 
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® 

® 

® 

® 



!£3 



@ 
@ 



@ 
® 

@ 



@ 



3^ 



Minor Planets — cuaun icd. 

Iphigenia. 
Amalthea. 
Cassandra. 

Thyra. 
Sirona. 
Lomia. 
Peitho. 
Althaea, 
L«3. cl^esi s. 
Hertnione. 
Gerda. 
Brunhilda. 
Alcestis. 
Liberatrix. 
Velleda. 
Johanna. 
Nemesis. 
Antigone. 
Electra. 
Vala. 
i£thra. 
Cyrene. 
Sophrosyne. 
Hcrtha. 
Austria, 
Melibaea. 
Tolosa. 
Jucwa. 
Siwa. 
Lumen. 
Polana. 
Adria. 
Vibilia. 





Adeona. 


@l BeUsana. 




Lucina. 


^ Clytemnestra. 


@ 


Protoffcneia. 


@ Ganimna. 




Gallia. 


® Eucharis. 




Medusa. 


@ Elsa. 




Nuwa. 


@ Istria. 


® 


Abundantia. 


@ Deiopeia. 




Atala. 


® Eunike. 




Hilda. 


@ Celuta. 




Bertha. 


@ Lamberta. 




Scylla* 


@ Menippe. 




Xantippe. 


% Phthia. 




Dejanira.* 


@ Ismene. 




Coronis. 


^ Colgci. 


© 


yEmilia. 


@ Nausicaa. 


® 


Una. 


@ Ambrosia. 


@ 


Athor. 


@ Procne. 


@ 


Laurentia* 


@ Eurycleia. 


@ 


trigone. 


@ Philoiueia. 


@ 


Eva. 


@ Arete. 


® 


Loreley. 


@ Ampclla. 


® Rhodope. 


® Byblis. 


@ Urda. 


Dynamene. 


® 


Sibylla. 


£oi) Penelope. 


@ 


Zclia. 


^ Chryse'is. 


@ 


Maria. 


A Pompei'a* 


@ 


Ophelia. 


^ Callisto. 


@ 


Baucis. 


^ Martha. 


@ 


I no. 


^ Hersilia. 


@ 


Phaedra. 


@ Hedda. 


@ 


Andromache. 


@ Lachrymosa. 


o 


Idunna. 


^ Dido. 




Irma. 


@ Isabella. 
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Minor /'/a^^/x— continued 



® 

Si 



@ 



@ 



Isolda. 

Medea, 

Lilaea. 

Aschera. 

CEnone. 

Cleopatra. 

Eudora. 

Bianca. 

Thusnelda. 

Stephaiiia. 

Eos. 

Lucia. 

Rosa. 

Oceana. 

Henrietta. 

Weringia. 

Philosophia. 

Agathe. 

Adelinda. 

Athamantis. 
Vindobona. 
Russia. 
Asterope. 

liaibata. 
Carolina. 



3^ Hunoria. 



@ easiest ina. 
@ Hypatia. 
Adrastea. 
Van ad is. 
Germania. 
Kriemhilda. 
Ida. 
@ Sita. 
V era. 
Asporina. 
Eukrate. 
Lameia. 



'3 Use. 
@ Bettina, 
^ Sophia. 
® Clementina. 
® Mathilde. 
® Augusta. 
@ Oppavia, 
@ Walpurga. 
@ Silesia. 
Tvche. 
Aletheia. 
@ Huberta. 



@ 



@ 

@ 



@ 



Prymus. 

Valda, 

Dresda. 

Libussa. 

Anna. 

Aline. 

Tirza. 

Adorea. 

Justitia. 

Anahita. 

Penthesilea. 

Antonia. 

Atropos. 

Philagoria. 

Sapientia. 

Adela. 

Elvira. 

Paulma. 

Thule. 

Philia. 

(Palisa.)! 

(Palisa.) 

(Charlois.) 

(Charlois.) 



bccn^n^cT** *" ^^^^ discoverers, the planets not yet halving 
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40 



11 i 



£1 



I/: 



(/I 
V 

(4 

o 



COM 



IT) o in o f*^ 



Volume, 
Earth's = i. 


♦ »nooo 0 r^O^ 
■^o g ^ m Q - 

L' O- 0 ^ ^ Ovri/j r^j 
<^ " «*§l"gi«? 


Density, 
Earth's 
= I. 


ciooot>«c<MCi« 
hOmOOOQO 


Bodies 
Fall in 

Second 


«/ OnOO O t* Q '!*\ ** 

J" yo mv) « <o«o *: d 


Planet's 

Mass, 
Earth's 


mCvO Ooon^ O 

NOnJ) 0 MNO tSNONO 

O O M 0 ^ 

to 


Eq^uatorial 


.s t>.ON»^mO rofOO 
Sio - NcooOM>05i 
Js 0\ Cn «o mvo 


Ascending 

Node of 
Equator 
on Orbit. 


^ O O H M r'^ 

p.. ^ 

MM 


Inclination of 
the Planet's 
Equator to 
its Orbit. 


« ^ ^ O 0 0 O 
« CI »o ♦ 


Time of 
Rotation 
on Axis. 


. oo '5s fOOO O 
« N H « « W 

*c CI « M ei M N 


Symbol. 


® 
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Name of 
Discoverer. 


} Hall. 
Galileo. 

Sir W. Herschel. 
Cassini. 


»4 

c S J • ^ 


• 

• 

1 J 


Appa- 
rent 
Star 
Magni* 
tude. 


W »* M M H H 


MO^ts.M «0 ^ fO ^ ^ 

H MM MMMM 1m 


Diameter. 




Inclination 
of Orbit to 
Plane of 
EcKptic. 


% o 0 *o 1ACI o ooeooooo om 

o ^ ^ ro to to to cooooooooo Keoeo co j2 ** 


Sidereal 
Revolution. 


rj O-OO ts. rv^ 01 tN. 'CO M lO M 00 «rt C» ts. V%\C OO 
B COM Wi-«^co (OiOM^M^ V> MM V» 

^ t^o CO r** fo<o McoMi^cictror*. m cn^p m m 

•(2 O M M CO tN.vO OMMCt'^in'-o (• '^eo «0 tft 


Distance 

from 
Primary. 


jt §8 <2^S 88888^88 88E 

00 <o to moo coooooooo ooo 
M H ^OWt>0» c^moi-^-^ovO^ c< i^oo 

S ^ *^ MMMCttOtNtOtO mmC« 

H it cT 


5 S 
vo d 

rn « 




Name of 
SaielUte. 


Moon. 

Phobos. 
Deimos. 

lo. 

Europa. 

Gan^'inede. 

Callisto. 

Mimas. 

Enceladus. 

Tethys. 

Dione. . 

Rhea. 

Titan. 

Hyperion. 

Japetus. 

Ariel. ^ 
Umbriel, 
Titania. 
Oberon. 


1 

No. 

1 


M MM NMIO^ M«fO« Vt^O (SflO M CI ^ M 


1 

Primary. 


Earth. 
Mars. 

Jupiter. 
Saturn. 


Uranus. 
[Motion of 
Satellites 
retrograde.] 

Neptune. 
[Motion possibly 
retrograde.] 
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Table IV.— THE SUN. 



Old Value. New Value. 

Equatorial horizontal parallax . . 8'*5776 8"794 
Mean distance from the Earth . 95,274,000 92,965,000 

"Variable with the latitude. The ro- 
tation in 24 hours of mean solar 
lime is expressed by the formula, 
S6s'± 165' stH J/. 
Diameter in miles . ^ 888,646 867,000 



Time of rotation 



Earth's as 
I = 



Mass 

Density .... 
Volume .... 
Force of gravity at 
Equator . . . 
InclmMtion of Axis to plane of ecliptic 



354,936 330,000 
0*250 

1^15,225 1,305,000 



287 



0 ^ 



276 

for 1850 



2 45' ) 

Longitude of Node 73 40 ) 

Apparent diameter as seen fiom the Earth — 

Maximum 32'36"*4i 

Minimum 31 32*0 



Table V, 

ADDITIONAL ELEMENTS OF THE MOON. 



Mean Horizontal Parallax .... = 57' 2^70 

Mean Angular Telescopic Semi-diameter 15' 33*36 

Ascending Node of Orbit .... ^3° 53' i?" 

Mean Synodic Period 29*530588715 days 

Time of Rotation ....... 27*321661418 „ 

Inclination of Equator to the Ecliptic i"* 32' 9" 

Longitude of Pole ? 

Daily Geocentric Motion x 3 10 35 

Mean Revolution of Nodes . . . . 6793 39108 

„ » ' Apogee or Apsides 3232 '37545 
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Density, Earth as i = 0*60736 

Volume, „ = o 02033 

Force of Gravity at Surface, Earth as 1 = J 

Bodies fall in One Second ...» 2*6 feet 



Table VL— TIME. 

!• — THE YEAR. 

Mean Solar Days, 
d. h. m. s. 

The Mean Sidereal Year .... 365 6 9 9 6 
The Mean Solar or Tropical Year 365 5 48 46*054440 
The Mean Anomalistic Year . . 365 6 13 49*3 

II.— THE MONTH. 

Lunar or Synodic Month .... 29 12 44 2*84 
Tropical Month 27 7 43 471 

Sidereal „ 27 7 43 "'54 

Anomalistic „ 27 13 j 8 37 40 

Nodical „ 27 5 5 35 60 

HI.— THE DAY. 

The Apparent Solar Day, or interval 
between two transits of the Sun 
over the meridian varimble^ 

The Mean Solar Day, or interval be- 
tween two transits of the Mean Sun 
over the meridian 24 o o 

(AstronoRien reckon this day from noon to noon, through the 24 hours.) 

The Sidereal Day 23 56 4 09 

The Mean Lunar Day 24 54 o 
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Table VII. 



For converting Intervals ( r "^ioerral Time into Equivalent Intervals 








of Mean 8olar Time. 






Hours. 


MlNt^TBS. 


Sbconds* 


Fractions of 
A Second. 


m 




• 




• 






e 

.s ^ 


Tim 


J i.qui vhiciks 


6 




g 

Z ' 


cMjuivauicni s 


e 


Sh 

"rt C 


"S 


in 




1 T! 




in 


ti 


1) 
I- 


Mean Time. 




Mean 1 inic. 


Ci 


MeanTime. 


a 
u 








.*s 




•0 




V 


5 *J 










VJ 








h. 


h. m. s. 


m. 


m. s. 


s. 


s. 


s. 


s. 


I 


0 59 50*170 


X 

3 


0 59 8362 
2 59*5085 


I 

3 


0*9973 
2*9918 


0*0f 

0*04 


010099 

0*039; 


a 


I 59 40*340 


5 


4 59*1809 


5 


4*9864 


0*07 


o'o6^8 




2 59 30*5" 


7 


6 58 8532 


7 


6*9809 


O'lO 


0*0997 


3 


9 


8 58*5256 


9 


8*9754 


0*13 


0-X296 




3 59 ao*68i 


10 


9 58 3617 


10 


9*9727 


o-x6 


0*1596 




4 59 »o*^52 


XI 


10 58*1979 


XX 


10*9700 


0-19 


0*1895 


5 


13 


12 57*8703 


*3 


12*9645 


o'aa 


0*2x94 


6 


S 59 1*082 


15 


14 57*5426 


15 


14*9591 


0-25 


o*»493 




6 58 5X*i93 


17 


16 57*2150 


17 


16*9536 


0*28 


0*3792 
0*2991 


7 


19 


18 56*8873 


19 


.18 "948 1 


0*30 


8 


7 5S 4f363 


20 


19 56*7235 


20 


^9*9454 


0*31 


0*3092 


n 

y 


8 5S 3«*534 


2X 

23 


20 56 5597 
22 56*2320 


21 
23 


20*9427 

22*9372 


0*34 
0-37 


0-339X 

0*3690 


to 


9 58 21*704 


25 


24 55 9044 


25 


24-9318 


o'40 


0*3989 


fZ 


to 58 11*874 


27 
29 


26 55*5767 
28 55 2490 


27 
29 


26*9263 
289208 


o"43 
0 46 


0*4288 
0 4587 


12 


11 58 2*045 


30 


a9 SS'oSsa 


30 


29*9181 


0-49 


0*4887 


«3 


12 57 52*215 


31 

33 


30 54*9214 
32 54*5937 


31 

33 


30*9^54 
32*9099 


0*50 
0-52 


o*49P6 
0*5x86 


M 


13 57 4a*386 


35 


34 54*2661 


35 


34 9045 


o*5S 


0-5485 


»S 


>4 57 3a'S56 


37 


36 53*9384 


37 


36*8990 


0 58 


0*5734 


39 


33 53*6io8 


39 


38-8935 


o*6i 


0 6083 


x6 


15 57 aa*727 


40 


39 53*4470 


40 


39-8908 


0*64 


o'638a> 


17 


16 57 i2'897 


41 

43 


40 53*2331 
42 52*9555 


41 

43 


40-8881 
42*8826 


0*67 
0*70 


o'6632 
o'693i 


18 


17 57 3*0^7 


45 


44 52*6278 


45 


44-8772 


o*73 


0*7280 




18 56 53-238 


47 


46 52*3002 


47 


46-8717 


0-76 


0*7579 


19 


49 


48 51*9725 


49 


48-8662 


0-79 


0*7878 


20 


19 56 43-4CX; 


50 


49 5x 8o87 


50 


49'£o35 


0*82 


0*8178 


21 


20 5^ 33*579 


51 

53 


50 51 6449 
52 5i"3t72 


51 

53 


50*8608 

52'S553 


0*85 

o'S8 


0*8477 

0-8776 


22 


21 56 23*749 


55 


54 50*9896 


55 


54-8499 


0*90 


08975 


23 


22 56 13*920 


57 
59 


56 50*6619 

58 5o*.^3n 


57 

59 


56*8444 
58-8389 


0-91 

0 94 


0-9075 

o*9374 




23 56 4*090 


60 


59 50*1704 


60 


59-8362 


0*97 


0-9673 j 
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Table VIII. 





For ConvoitinK Intcrvnls of Mean Solak Time into 


Itqrnn 








Interval of Siukjisal Tioie. 






Hours* 


MlNUTE!!. 


Seconds. 


A SSGOMIIb 


V 

B 


F^quiv.'ilcnti 


"J 
* ■ 


E<julvalcnt- 
m Sidereal 


e 


Equiva- 
lents in 
Sidereal 
Tiuie. 


• 

V 

c 


5'=^ 1 

w 1 
rt rl 1 




Time 




Time* 




H 


















Mm 


h. 


h. m. s. 


ni. 


m. s. 


s. 


ft. 


s* 


8. 


I 




I 

3 


I 0*1643 
3 0 4'j3d 


I 

3 


1 0027 
3*0082 


001 
o'04 


0 'oioo 
0*0401 


2 


2 0 19-71:, 


5 


5 of ^T4 


5 


5 0137 


0*07 


0*0702 




3 '3 '>'5^9 


7 


7 1*14^9 


7 




0*10 


o'ioo3 


3 


9 


9 i'47*3.^ 


9 


9 '0246 


0*13 


0*1303 


4 


4 39*4"5 


I) 


10 J '64^3 


TO 


10*0274 


0 16 


o"i6o4 




5 0 49"->S2 


1 1 


IS I'Soyo 


I t 


"1 1 '0301 


0*19 


0*1905 


5 


1 > 


13 2*1356 


13 


13*0356 


0'22 




6 
7 


6 0 59*133 

7 T S'995 


15 
17 
19 


15 2*4641 

17 2-7->27 
19 3 1212 


15 
17 
19 


1 5 '04 1 1 

17*0465 
19*0520 


0*30 


0*3008 


8 


0 I lb bsi 


20 


20 3*2855 


20 


20 0540 


0*31 


0*3108 


9 


9 I -jS*7oS 


21 

23 


21 3'449^ 
23 3*7783 


2 r 

23 


^'i*0575 
23'c>63o 


o'34 
0-37 


0*3409 
0*3710 


KO 


10 I 38-5'^4 


25 


25 4*1069 


25 


25*o6S5 


0*40 


0*401 1 


ri 


tt I 4 8 '4 -* I 


27 
-9 


27 4"4354 
29 4*7640 


27 

29 


27 0739 
29 "0794 


o*43 
046 


0-4312 

0 '46 f 3 


19 


13 1 5^*277 




30 4*'j282 


3'^ 


30*0821 


0*49 


0*4913 




13 3 8-134 


31 
33 


31 5-0925 
33 5*4211 


31 

33 


31 "0849 
33 -0904 


050 
0*52 


0-5014 




S4 a 17*990 


35 


35 5749^ 


35 


35*0958 


0-55 


o*55»5 




15 a 37*847 


37 
39 


37 6-0783 
39 6*4067 


37 
39 


37-1013 
39 '1068 


0-58 
OI61 


0-5816 
o Mf , 


i6 


16 3 37 '701 


40 


40 6-5710 


40 


40*1095 


0*64 


0*6417 


»7 


17 a 47*560 


41 
43 


41 6-7353 
43 7'^''^S^ 


41 

43 


41*1123 
4 "77 


0*67 
0-70 


0-6718 
0*7019 


i8 


18 9 57*4x6 


45 


45 7'39a4 


45 


43 1232 


073 


°7320 


19 


»9 3 7 »73 


47 


47 77209 


47 


471287 


0*76 


0*7631 


49 


49 8*0495 


49 


49*1342 


©•79 


0*7922 


90 


90 3 I7*xa9 


50 


50 8*21^7 


5C) 


50- 1369 


0*82 


0*8223 




fti 3 a6-985 


5t 
53 


51 8*3780 
53 8-7066 


5t 

53 


Si'1396 
'^3'H5i 


0-85 
0*88 


0*8573 

0*8824 


9a 


«« 3 36*843 


55 


55 9*035 1 


55 


55'' 5' 6 


o-go 


0*9025 


23 


23 3 46*69^ 


57 

rj 


57 9'3'^'.i7 
59 9*6923 


57 
59 


57'J56x 
.-9*1615 


11 "9 1 
094 


0*9125 


24 


24 3 5^*555 


Co 


60 9*8565 


60 


60*1643 


0*97 
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Abbreviations used in astronomy, 

see Appendix, J ahle L 

Aberration of light (aSy from, and 
errare^ to wander, as the apparent 
place is not the true one), 449 ; re- 
sults of, 539 ; how the aberration 
place of a' star is corrected, 540; 
constant of, 539 ; !>pherical and chro- 
nialic, oflenses, 466. 

Absorption of the atmospheres of 
stars, ^ ; < f sun, 119. 

Acceleration^ "Secular, of the 
1110 >n's intan motion, an increase 
in the velocity of the moon's motion 
caused by a slow chuuKe in the 
eccentricity of the earth's orbit, see 
667. 

Acbromatism of lenses, 464. 
Adams discovers Neptune, 277. 
Adjustments of altazimuth, 523 ; 

transit circle, 524 ; equatorial, 485. 
Aerolite (ayjp, the air, and Ai'^o?, 

a stone), a meteor which falls to 

the earth's surface, ^14. 
Areosiderites (a>jp and o-tfiepo?, 

iron), an iron which falls to the 

earth's surface, V4. 
Air, refraction of the, 450-53 ; table 

of refraction, 537. 
Almanac^ Nautical, 557. 
Altazimutb (contracti^ n oK altitude 

and azimutk\ an instrument for 

measuring altitudes and azimuths, 

486 ; wi en used, 521 ; description of, 

522 ; how t(< use, 523. 
Altitude {altitudo^ height), the 

angular height of a celestial body 

abjve the horizon, 329. 
Anicle {anguluiy a comer), the in- 
clination of two straight lines to 



each other, 51 1 ; of position, 519 ; the 
angle formed by the line joining the 
components of double stars, &c. with 
the direction of the diurnal motion. 
It is reckoned in degrees fVom the 
nDrth point passing through east, 
south, and west. 

An^le of the vertical, the differ- 
ence between astronomical and geo- 
detical. latitude. It is * at the equator 
and at the poles, and attains a 
maximum of 30^ in lat. 45°. 

Annular eclipses {annidusy a ring), 
see Eclipses ; annular nebulae, 85. 

Anomaly (a, not, and oMoAo^, equal). 
The anomaly is cither true, mean, or 
eccentric. The first is the true dis- 
tance of a planet or comet from 

gerihelion : the second what it would 
ave been had it moved with a mean 
velocity ; and the third an auxiliary 
angle introduced to faciliute the 
computation of a planet's or comet's 
motion. 
Anomalistic year, 439. 
Ansae (handles) of Saturn's ring, 271. 
Aphelion (dn-o, from, and t|Au>9, the 
sun), the point in an orbit furthest 
from the sun, 167 ; distance of comets, 
ziS; planets, 377. 
Apogee (an-^ and yrj, the earth), (i) 
Tlie point in the moon's orbit furthest 
from the earth, 21a ; (2} the position 
in which the sun, or other body, is 
fu-thest from the earth. 
Apsis (d)/ft$, a curve), ][>lural Ap- 
sides. The line of apsides (446) is 
the line joining the aphelion and 
perihelion points; it xs therefore 
the maj ji axiS of elliptic orbits. 

A A 
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Arc, Piumal, the path described by 
a celestial body between rising and 
setting, 367 ; semi-diurnal, half this 
path on either side of the meridian. 
Arc of meridian, how meai>ured, 

571- 

Areas, Kepler's law of. 614-15. 

ArieSy First point of, one of the 
points of intersection of the celestial 
equator and ecliptic, and the start- 
point for RA. and celestial longi- 
tude, 3?S. 

Ascending node, see Node. 

Ascension, Right, the angular dis- 
tance of a heavenly body from the 
first point of Aries, measured upon 
the equator, 328. 

Asteroids, a name given to the 
minor plant-ts, 2£q 

Atmosphere, refraction of the, 
450-52 ; table of refractions, 537 ; of 
sun, iio : of stars, 65 ; of the earth, 
iQ9> 2Qa ; of planets, 253, 264. 274 ; 
of moon, 227. 

Attraction of gravitation, see Gra- 
vitation. 

Axis. The axis of a heavenly body 
is the line on which it rotates, iq6 ; 
the major axis of an elliptical orbit is 
the line of apsides, 446; the minor 
axis is the hne at right angles to 
it ; the semi-axis major is equal to 
the mean distance. 

Axis of the earth, its movements, 
illi. 547- 

Axis, polar, and declination, of equa- 
torials, 484-85. 

Acimutli {sartiaihay Arabic, to go 
towanis), the angular distance of a 
celestial object from the north or 
south point of the meridian, 329. 

Base line, how measured, 570. 
Belts of Jupiter, 26^; of calms and 

rains, soju 
Bissextile, 44a 
Bode's luw. 9R0. 
Bolides, see Meteors, luminous. 
Bond, 271. 

Brilliancy, of the stars, 22 ; sun, 
is^ ; moon, 21B ; minor planets, 284. 

Calendar, 443. 

Calms f Cancer and Capricorn, 2QL 
Catalog:ues of stars, 529. 
Cavendish experiment, the, 636. 
Celestial sphere, ^ et seq* ; ap- 



parent movements of, 330: et seq.', two 
methods of dividing, 362 ; meridian, 
329. 

Celestial bodies, classification of. 

Centre of gravity, 631 

Centrifug^al tendency, 622. 

Centripetal force, 622. 

Chronograph, art instrument far 
determining the times of transit of a 
heavenly body across the field of 
view of a transit circle, or other in- 
strument, with the greatest accuracy! 

^5^3. 534- 

Circle, Declination, the circle on the 
declination axis of an equatorial, by 
which the declinations of celestial 
bodies are measured, 485 ; great, a 
circle subdividing the celestial sphere 
into two equal portions : transit, an 
instrument adapted for observing the 
transit of heavenly bodies across the 
meridian and their zenith distance, 
524 : of perpetual apparition, a circle 
of polar distance equal to the lati- 
tude of the place, the stars within 
which never set, 3:^5. 

Circumpolar stars, 34T. 

Clepsydree, 338, 

Classification of celestial bodies, 
504^^ 

Clock, invention of, 404 ; principles 
of construction, 403 ; sidereal clock, 

528 

Clock-stars; stars the positions of 
which have been accurately deter- 
mined, used in regulating astrono« 
mical clocks and determining the 
time, 558. 

Cloud on Mars, 259. 

Clusters of stars. 71-75. 

Co-latitude of a place or a star is 
the difference between its latitude 
and 90°. 

Collimation {cum with, and limes. 
a limit), line of the optical axis of a 
telescoi)e ; error of, the distance of 
the cross wires of a telescope from 
the line of collimation, 318. 

Collimator, a telescope used for 
determining the line of collimation in 
fivrd astronomical instruments, 524. 

Colours of stars, 60-63. 

Colures («oAovw, I divideX great 
circles passing through the equinoxes 
and solistitialcolurcb, called the equi- 
noctial and solstitial colures. 

Coma (Lat. hair) of a comct» 
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Comes (Lat. companion)^ the smaller 
com J onent of a double star. 

Comets (itoftijTT}5, hairyX are 
sw.;rms of meteorites, 13. 282; orbits 
of, 28S ; taiU of comets, 294, 2^ ; 
distances from sun, 2&S ; long and 
short period comets, 28^; numbers 
recorded, 233; forces at work in, 
294 : velocity of, 294 ; are probably 
harmless, 292 ; division of Biela's 
Cv.met, 297; div.sion of Te butt's 
comet, 297a; numbers of, in our 
own system, 293 ; Donati's c )met, 
291 ; spectroscopic study of comets. 

Compression polar, or i>olar flat- 
tening, the amount by which the 
polar diameter of a planet is less 
than its equatorial one, 255. 

Cone of shadow in eclipses, 24a. 

Conic sections, the, 624. 

Conjunction. Two or more bodies 
are said to be in conjunction when 
they are in the same longitude or rijjht 
ascension. In inferior conjunction 
I he bodies are on the same side of 
the sun ; in superior conjunction on 
opposite sides, 378. 

Constant of aberration, 539. 

Conbtellation {j:um and stelia, a 
star), a group of stars supposed to 
represent some figure, 35 ; classifi- 
cation of, 36 ; zodiacal, 32 1 northern, 
38 ; southern. 39 ; visible throughout 
the year, 251 et seg. ; circumpjlar, 
34i» 353- 

Co-ordinates, transformation of 

equatorial into ecliptic, 552. 
CopemicnS| Ipnar crater, 2^ 
Corona (Lat. cr(nvn)y the halj of 
Iieht which surrounds the dark body 
of the moan during a total eclipse 
of the sun, 246 ; spectroscopic study 
of, 247a. 

Corrections applied to observed 

places, 536 et seq. ; for refraction, 

537 ; aberration, 539 ; parallax, 543 ; 

luni-solar precession and nutation, 

545 ft se^. 
CosmiCal rising and setting of a 

heavenly body = rising or setting 

with the sun. 
Craters of the moon, 223 et seq. 
Crust of the earth, 183 et scq. ; 

temperature of, 123 ; tmcknesi of, 

194 ; density, 195. 
Ctuxnination (culmen, the top), the 

passage of a heavenly body across 



the meridian when it ii at the highest 
point of its ditiroal paih. Circum- 
polar stars have two culminations, 
upper and lower. 

Curtate distance, the distance of 
a celestial body from the sun or 
earth pr jected upco the plane of 
the ecliptic. 

Cusp {cnspisy a sharp pointX the 
extremities of the illuminated side 
of the mnun or inferior planets at 
the crescent phase. 

Cycle of eclipses, a period after which 
eclipses occur in the same order as 
before, 244. 

Dawes discovers Saturn's inner ring, 
271. 

Day, apparent and mean solar. 419 ; 
sidereal and sjlar, 358; lengths of, 
in the planets, 253 ; and night, 164. 
169; how causeo, 171 ; how to find 
the lengths of, 369. 

DeclinatiOUj the angular distance 
of a celestial body north or south 
frjm the equator, 228; circle or 
parallel of, 328 ; axis of equatoiials, 
485. 

Deg^ree, the 360th part of any circle, 
574 ; length of a, how determined in 
different latitudes, 576. 

Deimos, one of the satellites of 
M;irs, 259^1. 

De La Kue, Mr., his lunar, solar, 
and planetary pii jtographs, 507. 

Density of the earth, ili, 632'. how 
measured, 635 ; of the sun and 
planets, 101. 147, 638 et seq. 

Descending node, see Node. 

Detonating^ meteors, 313. 

Diameter of the earth. 153, 163 ; 
mo^n, 2ii ; sun, mi ; planets, 140 ; 
true ami apparent, 596. 

Dimensions^ uf the sun, loi; earth, 
i51> » m jon, 2ii ; lunar craters, 
22 Li the plan2ts, 140; Saturn and 
hi; rings, 222 ; how determined, 596. 

Direct motion, see Motion. 

DiSCy the visible surface of the sun, 
moon, or planets. 

Dispersion of light, 455 ; varies in 
difforinit substances, 465. 

Distances, of stars. 25 ; how deter, 
mined, 594 : of nebulae, go ; of sun. 
If I ; how determined, 585 et seq. ; 
t Id and new values of, 593 ; of 
planets, 139, 2B2 ; how determined, 
582; moon, 211, 21J ; how deter- 
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mined, 579 : i)oIar, «9 ; how dis- 
tances are nieasursd, 567 et seq. 
Double Stars, see Stars. 

Eartll| the, is round, 150, 151 ; rota- 
tion proved by Foucault, 154, 157 ; 
poles, 153 ; equator, ib. ; diameters, 
tb. ; dimensions, 16^ ; how deter- 
mined, 573 ^/f^y.; latitude and longi- 
tude, 190, 191, 328 ; parallels and 
meridians, i6a, 32^" ; tropics, circles, 
and zones, 162 ; shape, 163, 196 ; 
shape of orbit, 162 ; changes, 445 : 
inclination of axis, iM : day and 
night, 164 ; how caused, 121 ; at 
the poles, 122 ; length of day and 
night, 172 ; liow to determine, 369 : 
seasons, 175 eiseq 447; structure and 
past history of, ifii et seg. ; interior 
temperature of, 1^3 ; once a star, 
190 ; why an oblate spheroid, 1^ ; 
atmosphere, 10^ et seg. 208 : belts 
of calms aim rains, and trade 
winds, 2QI ; cause of the winds, 202 ; 
elements in the earth's crust, 207 ; 
in the earth's atmosphere, 208 ; 

Af parent morjeincnts. The earth is the 
centre of the visible creation, *. 
apparent movements of the heavens 
are due to the real movements <.f 
the, 225 ; effects of rotation, 326, ; 
apparent movements of the stars as 
seen from different points on the 
surface, 3^1 et seg. ; effects of the 
earth's yearly motion, 344 et seg ; 
effects of attraction of, 605 ; motions 
of axis, 651 et seg. 

Earth-shine , 217. 

Eccentricity of an orbit {ex. from, 
and centrum^ a centre), the distance 
of a focus from the centre of an 
ellipse. It is expressed by the 
ratio the distance bears to the sun's 
axis major. An eccentricity of o'l, 
e.^., means that the focus 'm one- 
tenth of the sun's axis major from 
the centre. 

Eclipses (exXei^t?, a disappearance^, 
2 ; ct seg. 

Ecliptic (so called because when 
<nther sun or moon is eclipsed it is 
in this circle), the great circle of the 
heavens, along which the sun per- 
forms his annual path, 363 ; plane of 
1 he, 105, ,^00. The plane of the sun's 
apparent, and of the earth's real, 
motion, los, 136, 300 ; obliquity of, 
the angls between the plane of the 



ecliptic and of the celestial equator, 

533- 

EffreSS, the passing of one body off 
the disc of anjther ; e.g. one of the 
satellites off Jupiter, or Venus or 
Mercury off the sun. 

Elements, chemical, present in the 
sun, 123 ; fixed stars, 69 ; earth's 
cmst, 207 ; meteorites, 317. 

Elements of an orbit are the quan- 
tities the determination of which 
en iMes us to know the form and 
position of the orbit of a comet or 
planet, and to predict the positions of 
the body,j^^ Appendix,Tablcs II. -V. 

Ellipses^ 165 et seg. 621. 

Elong^ation^ the angular distance 
of a planet from the sun : of Mer- 
cury and Venus, 380. 

Emersion, the reappearance of a 
body after it has been eclipsed or 
occulted by another ; e.g. the emer- 
sion of Jupiter's satellites from be- 
hind Jupiter, or the emersion of a 
star from behind the moon. 

Enceladus, one of the sateUilei» of 
Saturn. 

Envelopes of comets. 294a. 

EphemeriS (eri, f jr, i^/uicpa, a day), 
a statement of the positions of the 
heavenly bodies for every day or 
hour prepared some time before- 
hand, 557. 

Epoch, the time to which calcu- 
lations or positions of the heavenly 
bodi' s are referred, 551, 555. 

Equation of the centre, the differ- 
ence between the true and mean 
anomalies of a planet or comet ; of the 
e-;uino.\es, the difference between 
the mean and apparent equinox ; of 
time, the difference between true 
solar and mean solar time, 41^. 

Equator, terrestrial, 153 ; celestial, 

Equatorial telescope, 482 et seq ; 
method of using, 535 ; horizontal 
parallax, see Parallax. 

Equinoxes {cegnus^ equal, and hojc^ 
night) ; vernal or equinoctial, the 
points of intersection of the ecliptic 
and equator. When the sun occu- 
pies these positions in Spring and 
Autumn of the northern hemisphere, 
there is equal day and nignt all 
over the world, a small circle near 
each pole excepted, 121 ; precession 
of the, see Precession. 
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Errors^ instrumental and clock, 530, 
555. 

£vection {r:>enere^ to carry away). 
One of the lunar jnequalities which 
increases or diminishes her mean 
longitude to the extent of il 2sL 

Evening star, 380. 

Eye-pieces of telescopes, 471 ; their 
various forms, 472-73 ; transit eye- 
piece, 531. 

Faculse (Lat. iorches\ the brightest 
parts of the solar photosphere, 119, 

XI9<T. 

Field of view, the portion of the 
heavens visible in a telescope. 

Fil^nre of the earth, see Earth. . 

Fixed stars, see Stars. 

Focus (Lat. kearih\ the point at 
which converging rays meet, 458. 

Foci of an ellipse, 1(^6. 

Foucault proves the earth's rota- 
tion, 154 ; determines the velocity of 
li^ht, 453. 

Fratmhofer's lines, 490. 

Galaxy (yoAaicTo?, of milk), the 
Greek name for the Milky Way, or 
Via Lactea. 

Geocentric (yrj, the earth, and #c«V- 
rpof, a centre), as viewed from the 
centre of the earth ; latitude and 
longitude, 360. 

Geogrraphy. physical, iS^ et seq, 

Geolo^, 182. 

Gibbous (Lat. gibbus, bunched) 
moon, 231. 

Globes, use of the, 337 ; terrestrial, 
159; celestial, ^ compass, 338 ; 
brazen meridian, ^38 ; wooden hori- 
zon, 338 ; rectifying the globe, 33^ 
349 ; globe, celestial, explains sun s 
daily motion, 365 et seq. 

Gnomon (yvw/Acoi^, an indexX a sun- 
dial, 39S. 

Granulations on the solar surface, 

Gravitation, Universal, 606 seq. ; 
the moon's path, 6 13 ; Kepler's> laws, 
614 : results of, 642 et seq. \ pertur- 
bations, 643 ; nutation, 654 ; preces- 
sion, 645 ; tides, 659. 

Gravity (gravis^ h-avy), 602 ; mea- 
sure of, on the earth, 603, 611 : on 
the sun and planets, 641 ; centre of, 
631. 

Oreg^orian calendar, style, 443. 
Gyroscope, 157. 



Harvest moon, 373. 

Bead of comets, 291. 

Heavens, how to observe the, 

312. 

Heliacal rising cr setting of a star 
is when it just becomes visible m 
nrirning or evening twilight. 

Heliocentric (^^Akk, the sun, and 
ktvrpov, a centre), as seen from, or 
referred to. the centre of the sun ; 
latitude and longitude, 360. 

Heliometer (ijAtof and tiirpovt a 
measureX a telescope with a divided 
object-gla5?s designed to measure 
small angular distances with gre.it 
accuracy. It is so < ailed because it 
was first used to measure the sun. 

Hemispheres (171^1, half, and 
a4>aipa, a sphere), half the surface 
of the celestial sphere. The sphere 
is divided into hemispheres by great 
circles such as the equator and 
ecliptic. 

Herscbel, Sir W., discovers the 
inner satellites of Saturn, 221 ; dis- 
covers Uranu*;, 277. 

Borizon (opi'^w, 1 bound), true or 
rational, 329 ; sensible, 152. 

Horizontal parallax, see Parallax. 

Hour angle, the angular distance 
of a heavenly body from the meri- 
dian. 

Hour circlet the circle attached to 
the ciuatorial telescope, by which 
right ascensions are indicated, 535. 

Huggrii^*! Mr., his spectroscopic 
observations, 49Q. 

Hyperbola, the, one of the conic 
sections, 624. 

Immersion fimmergere, to plunge 
into), the disappearance of one 
heavenly body behind another, or 
in the shadow of another. 

Inclination of an orbit, the angle 
between the plane of the orbit and 
the plane of the ecliptic: of the 
sun, iQ^; of the earth, i^; of the 
axes of planets, 253i 254. 

Inequalities, Secular : perturba- 
tions of the celestial bodies so small 
that they only become important in 
a long period of time, 643. 

Inferior conjunction, see Conjunc- 
tion ; planet, see Planet. 

Instruments, astronomical, 518 et 
seq. 

Irradiation, 212. 
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Jets in comets, 294. 
Jovicentrlc (Javts^ of Jupiter, and 

Kti'Tpov, a centre), as seen from, or 
referred to, ihc centre of Jupiter. 
Julian period, calendar and style, 

443- 

Jupiter^ d istance from the sun and 
period tf revolution, 134, 13 j ; 
diameter, 1^0 ; volume, mass, and 
density, 147 ; polar compresi-ion, 
25s ; description of, 263 et seq. ; 
satellites, 267. 

Kepler's laws, 614 ; proofs of, 619 

et sci;. 

KircliliOff'S investigations on spec- 
tra, 492. 

Latltnde {iatitudo, breadth), terres- 
trial, i6q : how obtained. 5C0; celes- 
tial, 360 ; how obtained, 554; latitude 
of a place is equal to the altitude of 
the pole, 336 ; Geocen ric, Helio- 
centric, Jov.centric, Saturnicentric, 
latitude as reckoned from the centres 
of the planets named. 

Lens, lis action on a ray of light, 
4^8 ; convex and concave 461, 462 ; 
bi-convex and b;-concave, &c. 463 ; 
axis of a, 458 ; achromatic lenses, 
464 ; chromatic and spherical aberra- 
tion of, 465. ^ 

ZaeTerrier discovers Neptune, 277. 

Vibration of the moon, 214. 

Light, what it is, 448 ; velocity of, 
16. 449; aberration of, 449: refrac- 
tion and reflection, 450 et seq. ; dis- 
persion, 465 ; light curves of variable 
stars, 54. ^eq. 

I«lmb|~the edge of the disc of the 
moon, sun, or a planet. 

Iiine^ of colUmation, 518 ; of nodes, 
the imaginary line be. ween the as- 
cending and descending node of an 
orbit. 

Longitude (/^ . /VW<», length), ter- 
restrial, 161 ; how determined, 554 ; 
celestial, ^60; how determined, 563 
et seq. ; mean, the angular distance 
from the first point of Aries of a 
planet or comet, supposed to move 
with a mean rate of motion ; Geo- 
centric, Heliocentric, Jovicentric, or 
Saturnicentric, longitude as reckoned 
from the centres of the planets 
named. 

IitUni^re condrce, 217. 

Lunar distances, used to deter- 
mine terrestrial lonuitudes, 565. 



Lunation (/ttnatio), the period of 

the moon's journey round the earth, 
434. 

Luni-solar precession, see Preces- 
ston, 

Magellanic clouds, 33. 
Maenutudes of s ars, 22, 23. 
Major axis, see Axis. 
Maps of countries, how constructed, 

572 

Mars, 1^4 ; distance fronri the sun 
and penod of revolution, 139 : 
diameter, 140 ; volume, mass, and 
density, 142 ; polar compression. 
255 ; description of, 256 ; moons t f. 
259a : seasons, 262 ; how presented 
to the earth in different parts of its 
orbit, 393 ; how its distance from the 
eaith is determined. 583. 

Mass. The mass of a heavenly body 
is the quantity of matter it contains : 
of sun, 103 ; of planets, 147 ; of 
comets, 2Qg. 

Mean distance of a planet, &c. is 
half thesum of the aphehon and pcri- 
heUon di-:tances. This i> equ.il to 
the semi-axis major cf an elliptic 
orbit, 139 ; mean an3maly, see Ano- 
maly ; mean obliquity is the obliquity 
unnfff cted by nutation ; mean lime, 
see Time ; mean sun, 405. 

Medium, resisting, 295. 

Mercury, 134 ; distance from sun 
and penod oTrevoluii^-n, i3g ; dia- 
meter, X40; volume, mass, and den- 
sity, 147 J polar compression, 255 ; 
elongation of, 3B0. 

Meridian {mettdies^ midday), the 
great circle of the heavens passing 
through the zenith of any place and 
the poles of the celestial sphere, 
162. 

Metals and meialloids, list cf, 207. 

Meteorites, aerolites, aeroside- 
rites, and aerosidtrolites, 2IA • ^V^' 
radic mctvors, 315 ; remarkable 
meteoric falU, ^I^ ; chemical con- 
sti ution, et seq. ; meteoric orig.n 
of nebuls. g6 ; of comets, 287 ; of 
all celestial bo !ies, 65, ^04^1. 

Meteors, luminous, their position in 
the system, 1^4 , divisions of, 20^ ; 
numbers seen in a star- shower, 
explanation cf star-showers, 301 et 
seq. \ the^ November ring, 308 ; 
radiant point, 305: cause of oril- 
liancy, 310 ; shape of orbits, 308, 
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312 ; weight of, jix ; velocity of 
^lo*. deronating meteors, 

Micrometer (/iiicpo?. small, and 
/xc'rpov, measure), an instrument with 
fine moveable wires attached to eye- 
pieces to measure small angular dis- 
tances. 473, 519. 

Microscopes; 518. 

Midni§flit Sun, 171. 

Milky Way. 2a ; stars increa';e in 
number as tney approach, 2^; ne- 
bnlx do net, 25. 

Minor axis, see Axis. 

Minor planets, how discovered, 280, 
284; sizes, 2&X ; orbits and distances 
from the sun, 2^2 ; eccentric.ty of 
orbits, 28J ; brilliancy, 2S4 ; atmo- 
spher"5«?, 286. 

Montb, the, 43|. 

Moon^ why its shape changes, 12. \ 
dimensi'^ n and distance of, 211-12 ; 
line of revolution, 21JJ. libration, 214; 
nodes, 215. 244 ; moon's path cjn- 
cave with resi)ect to the earth, 216 : 
earth-shine, gi7; brightness r f, iifi ; 
descripticn of surface, 221 et seq. ; 
rotation, 228 ; no atmosphere, 227 ; 
phases, 229 ; eclipses, 233 et seq. ; 
nodial aiTcT synodical revolution of, 
24 1 ; apparent motions, 370 et scq. ; 
Harvest moon, 373; how the disiance 
of the moon Ls determined, 579 ; ele- 
ments of the moon, see Appendix, 
Table V. 

Morning star, 380. 

Motion, proper, of stars, ^\*V^' 
rent, of planets, 374 et seq. ; direct, 
381 ; retrograde, 381 ; laws of, 399 
et scq. ; circular, 622. 

Mountains, lunar, heights of, 224. 

Nadir (natura, to correspond), 32S 
Neap tides, 660. 

Nebulee, why so called, 6, 2^ are 
swarms of meteorites, 13, get^assj. 
fication of. ; light- cT 2£ J Y^*"'' 
ability of, ^ ; spectrum analysis of 
the, 498, 501 et seq. 

NebtUar hypothesis, 98, gio, 504 a. 

Nebulous stars, see STars. 

Neptune, distance from the sun 
and period of revolution, 134, 139: 
diameter, 140 ; volume, mass, ana 
density, 142 : discovery of, 222 
seq. 

Node {nodus, a knot), the points at 
which a comet's or planet's orbit in- 
tersects the plane of the ecliptic : one 



is termed the ascending, the other 
the descending node, -zi^. Longitude 
of the, one of the elements of an 
orbit. It is the angular distance of 
the node from the first point of 
Aries. 

Nubeculee. ^3. 

Nucleus (Lat. kernel), of a comet, 
291, 294 ; of sun-spots, no. 

Nutation {nutatio, a nodding), an 
oscillatory movement of the earth's 
axis due to the moon's attraction on 
the equatorial protuberance, 654 et 
seq. 

Object-ETlasS of telescopes, c'n- 
structi( n of. 466 ; aperture and illu- 
minating power of, 470; accuracy 
re(|uired in constructing, 480 ; largest 
ohjert-^lass, 481. 

Obliquity of the ecliptic, see Ecliptic. 

Occultation (occultare^ to hide), 
the eclipsing of a star or planet by 
the moon or another planet. 

Opposition. A superior plant is 
in opposition when the sun, earth, 
ami the planet are on the same 
straight hne and the earth in the 
middle, 378. 

Optical d uble stars, see Stars. 

Orbit {orifiSy a circle), the path rf 
a planet or comet round the sun, or 
of a satellite round a primary, afii^ 

Ordnance Survey of England, 570. 

Orion, 

Parabola, a section of a cone 

parallel to one of its sides, 624. 
Parabolic orbits of comets, 2aS- 
Parallactic inequality, an in^egu- 
larity in the moon's mrtion, arising 
from the difference of the sun's 
attraction at aphelion and peri- 
heli'^n. 

I Parallax (TropdAAafi?, a change), 
542 : corrections for, 543, 544 ; equa- 
torial horizontal, 512; of tne moon, 
580 : of Mars, 583 ; of the sun, 585 et 
seq. ; old and new values of, 593 ; of 
the stars, 594. 

Parallels of latitude, 162; of de- 
clination, 328. 

Penumbra {pene^ almost, and 
umbray a shadow), the half-shadow 
which surrounds the deeper shadow 
of the earth, 232 1 of sim-spots, 
110. 

Perigee (wept, near, and yrj, the 
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earth.) (i) The point in the moon's 
orbit nearest the earth, 212. ; (2) the 
position in which the sun or other 
Dody is nearest the earth. 

Perinelion (irepi, near, and ijAiik), 
the puint m an orbit nearest the sun, 
167 ; distance, the distance of a 
heavenly b <>dy from the sun at its 
nearest approach : longitude of, one 
of the elements of an orbit ; it 
is the angular distance of the peri- 
helion iwint from the first point of 
Aries : passage, the time at which 
a heavwly body makes its nearest 
npproach to the sun, 3. 

Perl-Jove, Satumium, &c, the 
nearest approach of a satellite to 
the primary named, Jupiter, Saturn, 
&c. 

Period (irepi. round, and o&6^, a 
pathX or periodic time, the time of 
a planet's, omet's, or satellite's 
revolution ; synodic, the lime in 
which a planet returns to the same 
position with regard to the sun and 
earth, ^84. 

PertnrDations (^r/nr^?r, to in- 
terfere withX the effects of the 
attractions of the planets, comets, 
and satellites upon each other, con- 
sisting of variations in their motions 
and orbits described rotmd the sun. 
633- 

Phases (<^aq-ty, an apperance), the 

various appearances presented by 
the illuminated portions of the moon, 
(22^) and inferior planets (377) in 
▼anous parts of their orbit with regard 
to the earth and sun. 
Phobos, one of the satellites of Mar.^, 

PliOtoernipl^y> solar, 114 ; celestial, 

pfiotospheres of the stars, 65 ; 

sun. TIC, 

Physical constitution of the stars, 
f>5. 62 » of *he sun. ii^ set/. 

Plaae of the ecliptic, 105. i ^6, 300. 

Planet (irAajoj-nj?, a wanderer), a 
cool body revolving round a central 
incandescent one. 

Planets change their positions with 
regard to the stars, 4 ; what they 
are, u ; names of, 134 ; travel round 
the sun in elliptical orbits, 135, 377 ; 
and in one direction, 138 ; distances 
of, from the sun, 139; periods of 
revolution, 139 ; reaisizes of, 140; 



comparative sizes of, i^x ; mass 
volume, and density, 144-47 I com- 
pared with the earth, 2^ et seg. ; 
apparent movements of, 374 et seq. ; 
varying distances from the earth. 
^76 ; brilliancy and phases, 377 ! 
inferior and superior, 378; conjunc- 
tion and opposition, 378 ; elonga- 
tions, 380; direct and retr grade 
motion, 381 ; stationary points. 382 ; 
synodic periods, 384 ; inclinations 
and n des of orbits, 388 ; apparent 
paths among the stars, 391 et seq. \ 
elements of the, see Appendix, 
Table II. 

Planetary nebula^ see Nebulx, 

Plateau's experiment, 197. 

Pointers^ the, 341. 

Polar axis of tne earth, 151, 163 ; 
compre^sion {^see Compression), 255 ; 
di'^tance, 329. 

Polaris (LatTX the pole-star. 3£i ; is 
not always the same, 547. 

Poles (iroAe«i>, 1^ turn), the extremi- 
ties of the imaginary axis on which 
the celestial bv>dies rotate, 15^, adi ; 
the poles of the heavens, 328 ; are 
the extremities of the axis of the 
celestial sphere which is parallel to 
the earth's axis ; the poles of the 
ecliptic are the extremities of the 
axis at right angles to the plane of 
the ecliptic, 360 ; cf the earth, 
153- 

Position-Circle (of micrometers), 

5x9- 

Precession (/inr^^//^^, to precede) 
of the equinoxes, or luni-s lar pre- 
cession, a slow retrograde motion 
of the equinoctial points upon the 
ecliptic, 361, 548; cause of, e.xplained, 
644 et seq. 

Prime, vertical, see Vertical. 

Prisms refract light, 453. 

Prominences, red, of the sun, ti8, 
248. 

Proper mctlon, see Moti< a. 

Quadrant (^M<T</ry>if.r, a fourth part), 
the fourth part of the circumference 
of a circle or 90" ; of altitude, a 
flexible strip of brass graduated into 
90°, attached to the celestial globe 
for determining celestial latitudef^ 
declinations being determined by the 
br.ass meridian. 

Quadrature. Two heavenly bodies 
are said to be in quadratuK when 
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there is a difffrence of longitude of 
between them. Thus the moon 
IS in quadrature with respect to the 
sun at the first and last quarters. 
Quarters of the moon, 231. 

Radiant point of shooting stars, 

305- 

Radiation, sclar 124 et seq, 
Radius (Lat. a spolce of a wheel) 

vector, an imag.nary line joining 

the sun and a planet or comet in any 

point of its orbit, 6!$ 
Red prominences and flames, it8, 

248. 

Reflecting telesccpe, or reflector, 
481. 

Reflection, 451. 

Refracting; telescope, or refractor, 
see TeKsc >pe. 

Refraction {refrangerey f) bend), 
atnio.sphLTic, 450, 453. 557 ; < f light 
by prisms, 433 ; index of, 453. 

Resisting; mcd um see Med.um. 

Retrogradation, arc of. The a-c 
apparently traversed by planets 
while their moti<.n is retrograde, 
381. 

Retrog'rade motion, see Moticn. 

Revolution, the mcti n f f one 
body round an thcr, 12 ; time of, 
the period in which a heavenly b:dy 
returns to the same p ).nt of its 
orbit ; the rev luti n may either be 
anomalistic if measured from the 
aphelion orperiheli n po.nts. sidereal 
with reference tD a star, synodical 
with reference to a node, or ir pical 
with reference to an equinox or 
topic. 

Ri^ht ascension, see Ascension, 

Right. 

Rilles on the mcon, 226. 
Ring^S of Saturn, see Saturn. 
Rocks, list of terrestrial, 183. 
Stotation, the motion of a body 

round a central axis: of sun, 104 : 

of earth, 1^ : of mocn, 214; possibly 

slackening, 667. 
Rntberford, Mr., his lunar pkoto- 

fijaph, 507- 

Saros, a term applied by the Chal- 
deans to the cyclo cf eclipses. 244- 

Satellite {satelUs, a conipat.ion), 
a term appUed to the smaller bodies 
revolving round planets and stars, 
137. 142, 267 ; elements of the, see 
Appendix, Table III. 



Saturn, distance from the sun and 
pcr.od of revolution, 134, 139, 
diameter, 140 ; volume, mass, and 
density, 1^ ; polar compression, 
255 : the ring^, 270 ct seq. ; dimen- 
sion of, 272 ; of what c mp^.sed, 
273 ; appearance of, 224 ; atmo- 
sphere, io, ; scalar eclipses due to the 
rings, 276 ; how presented to the 
earth in different parts of its orbit, 
395. 

Scintillation {scintilla, a spark), 
the '"tw-nkling " of the stars. 

Seasons of the earih, 169, 175, et 
seq. ; of Mars, 254, 262 ; of Jupiter, 

Secular (^seculum, an age) inequa- 
lities, see Inequalities; acceleration 
cf the moon's mean motion, see 
Acceleration. 

Selenography ((TcAifn) the mcon), 
the geography of the moon. 

Semi-diurnal arc, see Arc. 

Sextant, an instrument consisting 
of the sixth part of a circle, finely 
graduated, by which, by means ot 
reflection, the angular distances tf 
celestial bodies are mea^^ured, 520. 

SbOOtingf stars, see Meteors, lumi- 
n<^ Its. 

Sidereal {sidns^ a star), relating to 
the stars ; clock, see Clock ; day, 258 ; 
time, see Time. 

Signs of the zodiac, see Zodiac 

Snow on Mars, 260. 

Solar spectrum, see Spectrum. 

Solar system, 133, et seq. 

Solstices, or solstitial points (W, 
the sun, and stare, to stand still\ 
the p ints in the sun's path at which 
the extreme n rth and sjuth decli- 
nations are reached, and at which 
the motion is apparently arrested 
before the direction tf motion is 
chancred, 171, 

Solstitial colure, see Cohire. 

Sorbys researches on meteorites, 
320. 

Spectroscope, 491 ; star spectro- 
scope, 505 ; the Kew spectroscope, 
506 ; d rect vision, 506. 

Spectrum, 454 ; irrati nality of the, 
458; the solar, 487 ; description ef, 
488 ; dark lines and bright lines, 490. 
491, 494: spectrum analjrsis, 489 et 
seq ; general laws of, 493 ; general 
results of, 496-8. 

Sphere (cr^aipa), celestial, the sphere 
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of stars which apparently incloses 
the earth, ; of observation, 

329. 

Spherical trigonometry, see Trigo- 
nometry. 

Spheroidy the solid formed by the 
rotation of an eclipse on one of its 
axes : it is oblate if it rotates cn the 
minor axis, and prolate if it rotates 
on the major axis. 

SprlnfC tides, 6fo. 

Star-showerS; Meteors. 

Stara^ why invisible in daytime, 3j 
why they appear at rest, 8 ; why 
they shine, ipj distance of nearest, 
16 ; their distance generally, 25-27 ; 
magnitudes of. 22, 22 *, telescopic, 22 ; 
comparative brightness of, 23; divided 
into constellaticns, 35-41 ; brightest, 
42 ; double and multiple, 47-50 ; vari- 
able and temporary, 51-59 ; the new 
star in CygnuSt 56 a ; the sun a vari- 
able star, lii : cTloured, 60-63 ; size 
of, 64 : physical constitution of, 
65-69 : clusters of. 22* Zl I apparent 
movements r f, 326 ; positions of, on 
celestial sphere, ^26 et seg. ; appa- 
rent daily movement, 2II > 
apparent yearly movement, 3^ et 
seq,', movement inline of sight, 504 b ; 
pole-star, 34^ ; lone of, 325 1 
observe the, 342, 34^ ; those seen at 
midnight are opposite to the ^ sun, 
344 et seq, ; constellations visible 
throughout the year, 352 et seq. ; 
circumpolar, 335; sidereaTday, 358 ; 
how the elements in the stars are 
determined, 493, 495, 497 ; parallax 
of the stars, 594-95 ; classificati n 
of stars according to their spectra, 
504 a. 

Stationary points, those^ points in 
a planet's orbit at which it appears 
to have no motion among the stars, 
382. 

Stellar parallax, see Parallax. 

Stones^ meteoric, 313. 

Styles^ old and new, 443 ; of sun- 
dials, 402. 

Stin^ is a star, 9 : why it shines, la; 
its relative brilliancy, 231 ii>Q : dis- 
tance, 1 01 ; diameter, iqi ; volume, 
103 ; mass, 103 ; rotation, 1C4 ; posi- 
tion of axis, is^ ; sun-spots, proper 
motion of, 102 ; description ci, 110; 
•sixe of, 120 ; period of, 120 ; tele- 
scopic appearance of, 109 et seg. ; 
photosphere, 110, ii^; atmosphere. 



irg^ 123 ; faculae, rij ; willow leaves 
and granules, 115, 116 ; red fl.irae«s 
118 : elements in the photosphere, 
123 ; how determined by spectrum 
analysis, 494-96 ; amount of light, 
125 : heat, li^ ; chemical force, lzS ; 
solar radiation, 205 ; eclipses of, 234 
et seg. ; their phenomena, 240 etseg.'. 
apparent motions, 2L52 • .solar day, 
3p8 ; motion in the ecliptic, 363: 
rising and setting and apparent cCuTy 
path, 364 ; mean sun, motion of 
the, 40^ ; how the sun's distance is 
determined, 585 et seg. ; old and 
new values of the solar parallax, 
593 ; solar elements, see Api>endix, 
Table IV. 

Stin-dialy the, 390, 400. 

Superior conjunction, see Con- 
junction. 

Superior planets^ see Planets. 

Symbols ((tv/ll^oAoc), the name 
given to certain signs, used as abbre- 
viations, see Appendix, TaHe L 

S3rnodiC period, see Period. 

Syzig^ies (<rui', with, and ^vy6v, a 
yoke)j the points in the moon's orbit 
at which it is in a line with the earth 
and sun, or when it is in conjunction 
or opposition. 

Tails of comets, 291, 294. 295. 
Telescope (r»jAe. afar, and o-kottcw, 

1 seeX construction of, 467 ; illumi- 
nating or space-penetrating power, 
90, 469 : magnifying power, 470 ; 
eye-pieces, 471-73 : object-glass, 466, 
470; tube, 474 ; powers of, 475 ; how 
to use the, 476-79 ; largest, 481 ; 
various mountings, 482 ; equatorial, 
482 ; altazimuth, 486, 521 et seg.', 
transit circle, 486, 524 et seq.; transit 
instrument, 486, ssS. 
Temperature of the sun. 126. ; of 
the earth's crust, : relative 
temperatures of celestial bodies, 
62, 

Temporary star, see Star. 

Terminator, 222. 

Tides {tidauy to happen, Saxon), 659 

et seq. 

Time, how measured, 405 ; the mean 
sun, motion of, 408 ; equation of 
time, 415 ; aoparent and mean solar 
day, 419 ; Greenwich mean time, 
421 ; rules for converting solar into 
sidereal time, and 7>ice versA^ 427, 
sec Appendix, Tables VII. and VIII.; 
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civil, 369 ; week, 432 ; month, 434 ; 
year, 436 ; bissextile, 440 ; Julian 
and Gregorian calendars (new style 
and old style), 443 : time required 
by light to reach us from the stars, 
27 ; from the nebulae, gii ; how ob- 
tuined, 558, see Appcnlix, Tables 
VI. Vir. and VIII. 

Total tclipse, see Eclipses. 

Trade winds, zor. 

Transit {jtransy across, and x'rr, to 
go), the passage (i) of a heavenly 
body across the meridian of a place 
(in the case of circumpolar stars 
ther<3 is an upper and a lower transit, 
the latter sometimes called the tran> 
sit sub Polo) ; (2^ of one heavenly 
body across the disc of another, e.g. 
the transit of Venus across the sun, 
586 ; of a satellite of Jupiter across 
the planet's disc, 267, 

Transit circle| 486; when used 
and general description of, 524 ; how 
used. 525 ^/ seq. 

Transit instnimenti 486, 558. 

Triangrolation^ the application of 
trigonometry to the determination of 
distances, or, «;7o et seq. 

Trig^onometry^ plane and spheri- 
cal, 515. 

TrifTOnometrical ratios. 516. 
Tropical revolution, sec Revoluti 
Tropics (tpcttw, I change) of Can- 
cer and Capricorn respectively, 
the circles of declination which mark 
the most northerly and southerly 
points in the ecliptic, in which the 
sun occupies the signs named, 

Ultra- zodiacal planets^ n name 

sometimes given to the minor planets, 
because their orbits exceed the limits 
of the zodiac 

Umbra (Lat. a shadotu), the darkest 
central portion of the shadow cast 
by a heavenly body, such as the 
moon or earth, is so called : it is sur- 
rounded by the penumbra, 2^ : 
utnbra of sun-spots, 110. 

Universe, our, one of many, 8 ; 
shap>e of, 30-32. 

Ur&nus. 01 ' distance from the 
sun and period of revolution, 13Q ; 
diameter, 140 ; volume, mass, and 
density, : inclination of axis, 
854 ; discovery of, 277. 



Vapour, aqueous, aoo. 

Variable star, see Scars ; nebulae, 
see Nebulae. 

Variation of the moon, one of the 
lunar inequalities. 

Venus, 134J distance from the sun 
and peri d of rev lution, 132 ; dia- 
meter, 140 ; volume, mass, and den- 
sity, 1^ ; polar compression, 2^ ; 
a morning and evening star by turns, 
380 ; transits of, across the sun's 
disc, 582, 586 et seq^ \ the transit of 
1882, 591. 

Vernier, 518. 

Vertical (7^rr/^-r, the top). A vertical 
line (329) is a line perpendicular to 
the surface of the earth at any place, 
and is directed therefore to the 
zenith ; a vertical circle is one that 
passes through the zenith and nadir 
of the celestial sphere, > 
prime vertical (329) is the vertical 
circle passing through the east and 
west points < f the horizon. 

Via Lac tea. see Milkv Way. 

Volume (vctHmtH. bulk) is the cubi* 
cal contents of a celestial body ; of 
the sun, 103 ; of the planets, 147. 

Week, names of the days of the, 432, 
Weigbt, what it is, 602. 
Willow leaves in the penumbra 

of sun-spots, Ltdi 
Winds, 

Wire micrometer, see Micrometer. 

Year, 164, 436 ; length of the planets* 
years, 253. 

Zenitb, the point of the celestial 
sphere over head, 328 ; distance, 329. 

Zodiac, the portion of the heavens 
extending 9^ on either side of the 
ecliptic, in which the sun and major 
planets appear to perform their 
annual revolutions, 321 3^^' 
divided into twelve parts, termed 
signs of the zodiac. These signs 
were named after the constellations 
which occupied them in the time of 
Hipparchus. 

Zodiacal lipht. T34;constcllations. 37 . 

Zones, tomd, fngid, and temperate, 
of the earth, ifia ; of stars, 335. 
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THE INVASION OF BRITAIN. Being SelectionB from Books IV. and Y. of The 

Gallic War. Adapted for Beginnen. With Bzereiaes. By W. Wrusb, M.A.» 

and C. G. Duffield, M.A. 
THE GALLIC WAii. BOOK I. By Rev. A. S. Walpolk , MA. 
BOOKS II. AMD IIL By the Bev. W. O. Bitthervobd, M. A, LL.D. 
BOOK IV. By Clement Bbyans, M. A., Assistant Master at Dnlwieh College. 
BOOK V. By C. Colbeor, M.A, Aaatetant Master at Harrow. 
BOOK VL By the same Editor. 

SCENES FROM BOOKS V. and VI. By the same Editor, 
BOOK VIL By Rev. J. Bond, M.A., and Rev. A. S. Walpolb, M.A 
OIGBBO.^BE BENECTUTB. By B. S. SHUOKBxniaH, U.A. 

I)E AMICITIA. By the same Editor. 

STORIES OP ROMAN HISTORY. Adapted for Beginners, With Exercises. 
By Rev. G. E. Jeans, M.A., and A. V. Jones, M A. 
EURIPIDES.— ALCESTIS. By M. A Bayfield, M.A. 
MEDEA. By ^e same Editor. [In the Frm* 

HECUBA By Rev. J. Bond, M.A, and Rev. A. S. Walpole, M.A. 

EUTROPIUS.— Adapted for Beginners. With Exercises. By W. Wsloh, M.A.» 

and C. G. Duffield, M.A 
HOMER.— ILIAD. BOOK L By Rev. J. Bond, M. A., and Rev. A.S. Walpole, M.A 
BOOK XVIII. By 8. K Jamss, ILA., Assistant-Master at Eton. 
OTTYSSEY. BOOK I. By Rev. J. Bond, M.A, and Rev. A. S. Walpole, M.A 
HORACE.— ODES. BOOKS L— IV. By T. JL Faok, M.A., Assistant Master 
at the Charterhouse. Each Is. 6d. 
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JLFVT.— BOOK 1. By H. M. Stepff.nson, M.A. 

BOOK XXI. Adapted from Mr. Gapes'a Edition. By J. E. Melhuish, M.A. 
BOOK XXII. Bj same. (iS%or%. 
THX HANNIBALIAN WAR. Being part of the XXI. and XXIL BOOKS OF 
LIVT adapted for Beginners. By G. C. Macaulay, M A. 

TBB SIEGE OF SY&ACUSE. Being part of the XXIV. and XXY. BOOKS OF 
LIVT. adapted for Begtanert. mill Bzwrdaes. By O, BaaaAXDs, H.A., and 

Kev. A. S. Walpoi.e, "Rf.A. 

LEGENDS OF ANCIENT BOMJB. Adapted for Beginneis. With Sxercises. 

By H. Wilkinson, M.A. 

LUCIAN.— liXTRACTS FROM LUCIAN. With Exercises. By Rev. J. Bond, M. A., 

and Bev. A. 8. Walpols, M.A. 
MBPOS.— SELECTIONS ILLUSTRATE!: OF OBBBK AND BOHAN HISTOBT. 

With Kxercises. By G. S. Failnjxl, M.A. 
OVID.— bELEUTIONS. By ii. is. ianuCKBUKOH, M.A. 

IQASTSBLBOTIONSFBOHOYIDINBIilBGlAOyBBSB. With Bzercises. By 

n. Wilkinson, M.A. 

STORIKS FROM THE METAMORPHOSBS. With Bxwciaea. B7 Bev. J. Bon>, 
M.A., and Rev. A. 8. Walpole, M.A. 

P£L£DKa8— SELECT FABLES. Adapted for Beginners. With Exercises. 

By Rev. A. S. Wau^lk, M.A. 
THU 0 V B IDES.- THE RISE OF THE ATHENIAN EMPIRE. BOOK I, Ou. 

89-117 and 228-238. Witii Exercises. By F. H. CoLflON, M.,lL 
VTBGIL.— SELECTIONS. By E. b. bHucKBUKan, M.A. 

OBOBaiC& BOOK I. B7 T. fl. Faoi, IC. A 

BOOK IL By Bev. J. H. Skriitb, M.A. 

.ANEID. BOOK L By Rev. A. B. Walpolk, H. A 

BOOK TT. By T. B. Page, M.A. 

BOOK III. ByT. E. Page, M.A. 

BOOK IV. By Bev. U. M. Stephenson, M.A, 

BOOK y. By Beiv. A. OALvsttr, M.A. 

BOOK VL By T. B. Page, M.A. 

BOOK VII. By Rev. A. Calvert, M.A. 

Bor>K VIIL By Rev. A. Calveiit, M.A IJn pnparaUoiL 

iiOOK IX. By Rev. H. M. St£phbn80N, M.A. 

BOOK X. By S. Q. Owen, M.A. [In preparcUUm. 

ZSHOPHON.— ANABASIS. BOOK I. By Bev. A 8. Wauou^ ILA. 

BOOK I. With Exercises. By B. A. Welu, H,A. 
BOOK IL By Rev. A. S. Wat.poi-e, ICA. 

BOOK III. By Rev. G. II. Nall. [In preparation. 

SELECTIONS FROM BOOK IV. With Exercises. By Rev. E. D. Stone, M.A. 
BOOK IV. By the same Editor. [In preparaXion. 

8BLBCTI0NS FROM THE CYROPiEDIA. Witli Exercisei. By A. H. OOOKB, 
M.A., Fellow and Lecturer of King's CoUeget Cambridge. 

The following oontain Introdactions and Notes, but no Vocaba- 

lary : — 

CICERO.— SELECT LETTERS. By Rev. G, E. Jfan?;, M.A. 
H£RODOTUS.->SBLBCXIONS FROM BOOKS VIL and VIU. THE EXPEDI- 
TION OP XBRXB& By A. H. CoOKB, M. A 
HORACE.— SELECTIONS FBOIC THB 8ATIRBS AND BFfSTLBS. By Bev. W, 

J. V. Bakfr. M.A. 

SELECT EPODES AND AR8 FOETICA. By H. A. Dalton, M.A., Assistant 
Master at Winchester. 
PLATO.--BUTHTPHRO AND MENEXENU& By a «!. Obavzb, M.A., Olaesical 

l ecturer at St. John's College, Cambridge. 
TBBENCE. -SCENES FROM THE ANDBIA. By F. W. Oosmish, M. A, Assistant 

Piaster at Eton 
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THE OBEEK ELEOIA0 POSTS.— FROM GALLINUB TO OAIit-TMACHUa 
Selected by Rev. Herbsbt Kynaston, D.D. 

THUOTDIDES — BOOK lY. Chb. 1-41. THJffl OAPIUBB OF SPHACXERIA. Bj 

Q. £. Ghav£s, M.A. 

CLASSICAL SERIES 
FOR COLLEGES AND SCHOOLS. 

Fcap. 8vo. 

iESOHINES.— m CTBSIPHONTEM. By Rev. T. Gwatkin, M.A,, and B. a 
Shup cttboh, H.A. iln Ae Ptm, 

.SSOHTLns.— FERSiE. By A. 0. Prickabd, M.A., Fellow and Tatar of N«v 

College, Oxford. With Map. 3s. ed. 

SBVEN AGAINST THEBES. SCHOOL EDITION. By A. W. Vehhall, LittD., 
FMlow of Trinity College, Gtmbridge, and M. A. Batfesld, M»A., Hetd- 

mns'-rr's AssistAut nt ^^alve^n College. 8s. 6d. 

ANDOCroES. Jm MYSTERIIS. By W. J. Hickie, M.A. 2s. 6d. 

ATTIC ORATORS.— Selections from ANTIPHON, ANDOCIDEa, LYSTAS, ISO- 

CRATES, AND ISAEUS. By R. C. Jebb, LittD., R^us Professor of Greek 

in the University of Cambridge. 6s, 

OJBSAR TTTi GALLIC WAR. By Rev. JoHN BoMD, lf.A., and ReT. A. a 

Wai roLi:, M.A. With Maps. 6s. • 
CATULLUS.— SELECT POEMS. Edited by F. P. Simpson, B.A, 6s. The Tat 

ofthuBditionisouefblly-ezpniigatedlbrSelioolam. ' 
dOBRO— THE CATILINE ORATIONS. By A. S. Wit kt-:s, Litt.D., ProfesiOror 

Latif! in the Owens College, Victoria University, Manchester. 3s. 6d« 
PRO LEGE MANILIA. By Prof. A. S. Wilkihb, LittD. 2s. 6d. 
THE 8B00ND PHILIPPIC ORATION. By Jomr B. B. Mayor, M.A., Professoi 

of Latin in tln' rniversity of Cambridge. 5s. 
PRO R08CIO AMERINO." By E, U. Donkin, M.A. 4s. 6d* 
PRO P, SESIIO. By Rev. H. A. Holden, Litt-D. 5s. 

DEMOSTHENES.— I)E CORONA. By B. Drake, M.A. 7th Edition, revised hj 
B. 8. SaucKBUBOR, M.A. 4a, 6d. 
AD VERSUS LBPTINEM. By Be7. J. R. EiKO, H.A., Fellow and Tntor of Oriel 

College, Oxford. 4s. 6d. 
THE FIRST PHILIPPIC. By Rev. T. Gwaikin, M.A. 2s. 6d. 

IN MIDIAM. By Prof. A. 8. Wilkins, Litt.D., and Herman Hager, Ph.D., of 
the Owens College, Vietoiia UniTeisity, Mancuieeter. {In prepanttim. 

EURIPIDES.— HIPPO LYTUS. By Rev. J. P. Mahapfy, D.D., Fellow of Trinit>- 

College, and Professor of Av.r\<ynt History in the University of DubliD, and jf. 
B. BuiiF, M.A., Fellow of Txuiity College, Dublin. Ss. 6d. 

MBDBA. By A. W. Vbrball, Litt.D., Fellow of Trinity College, Cambridge. 

3s. Gd. 

IPHIGENIA IN TAURIS. By E. B. Enoiand, M.A- 4s. 6d. 

ION. By M. A. Battisld, M.A., Headmaeter's Asaiatant at Malvern College. 
88. Od. 

BACCH AE. By B. T. Ttbskll, M. A., Begins Ptofessor of Greek infhe UnlTersi^y 
of D 11 w r> prepemUim^ 

HERODOTUS.— BOOK TIL By G. C. TVl acaulay, M.A. ffn the Press. 

BOOK V. By J. Strachan, M.A., Professor of Greek in the Owens College, 
Victoria Univeroity, Manchester. [in preparcuwn. 

BOOK yi. By Hie same. [in fhe 

nOOTvS^ Vri. and VIIL Ry Mrs. Moktaou Butler. [InUte 
HESIOD.-THE WORKS AND DAYS. By W. T. LemubUIC, M.A., Assistant 
Master at Dulwich College. [In jyrepa ration. 

HOMER.— ILIAD. BOOKS L, IX., XL, XVL— XXIV. THE STORY OF 
ACHILLES. By the late J. H. Pratt, M.A., and WALTER Lviif, UtLD,, 
FellowsofXrini^ College, Cambridge. 6i. 
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ODYSSEY. BOOK IX. By Prot John E. B. Ma yob. 1^. M. 
ODYSSEY. BOOKS XXL— XXIV. THE TRIUMPH OF ODYSSEUS ByS. 
G. HAMILTON) B.A., Fellow of Hertford CoUcge, Oxford. 3s. 6d. 

HORAOB.— THB ODES. By T. B. Paos, H.A., ikBslstuit Master ftt the Ohttter- 

linnse. 68. (BOOKS I., II., IIL, and IV. separately, 2s. each). 

THE SATIRES. By Abthus Pauob, M. A., FxoUmm of Latin In the Untveralty 

of Dublin. 63. 

THE EPISTLES AND ARS POETICA. By A. S. Wii^iuNS, LittD., Professor 
of Latin In the Owena OoUege, Yietoria UmTeiaity, Manchester, (to. 

JBAEOS.— THE ORATIONS. By WiLLlAK BlDOBWAT, M.A., Professor of Greek 

in Queen's College, Cork. [In preparution. 

JUVENAL.— THIRTBSN SATIRES. By E. G. Hardt, M.A. &s. The Text ia 
earefblly expurgated for 8dho61 nae. 
ISKT ECT SATIRES. By Plot John E. B. Matob. Z. and ZI. 8a. «d. 

XII.^- WT. 4s. 6d. 
UVT. TiooKS iT. and HI. By Kev. H. M. Stephenson, M.A. 5s. 

BOOKis XXi. and XXII. By Rev. W. W. Gap£S, M.A. With Maps. 6s. 
BOOKS XXm. and XXIV. By G. O. Macavlay, M.A. With Maps. fia. 
THB LAST TWO KINGS OF MACEDON. EXTRACTS FBOM THE FOURTH 

AND FIFTH DECADES OF LIVY. By P. H, Bawluts, M.A., Aaalatant 

Master at Eton. With Maps. 8s. 6d. 
THB SUBJUGATION OF ITALY. SBLEOTIONSFBOM THB FIRST DECADE, 

By G. K. Marindin, M.A. [In preparoHon, 

LUCRETIUS^EOOKS I.-IIL By J. H. WAasosxov iMK, M.A., Aasiatant 

Master at iiossall. 4s. 6d. 
LYSIAS.— SELECT ORATIONS. By E. S. Shuckburgh, M.A. 6s. 
ICABTIAL.— 8BLBGT BPIGRAMS. By Bey. a M. SnFHUmON, M.A. (to. (id. 
OVID.— FASTL By G. H. Hau«am, M.A.» Aasiatant Master at Harrow. With 

Maps. 5s. 

HEROIDUM EFISTUL^ XIII. By E. S. Sihk khfrch, M.A. 4s. Cd. 
METAMOiiPHObKb. BOOKS I.— ill. By C. biMMo:s3, M.A. [In preparcUwn. 
BOOKS Zm. 'and ZIV. By the same Editor. 4a. 6d. 
PLAVO.— liAOHBS. By M. T. Tatham, M.A. 28. 6d, 

THE REPUBLIC. BOOKS L>*V. By T. H. Wabbbk, M.A., President of 

Magdalen College, Oxford. 68. 

PLAUTUS.— MILES GLORIOSUS. By B. W. Tykrell, M.A., Regius Professor of 
Greek in the Unlyersity of Dablin. 2d Ed., revised. 5s. 
A^IPHITRUO. By AsTBUB Pauob, M.A., Pkofessor of lAtin in the Univenily 

of Dublin. 53. 

PLINY.— LETTERS. BOOKS I. and IL By J. Cowan, M.A., Assistant Master 
at tiie Manchester Grammar School. 5s. 
USTTERS. BOOK IIL By Profl Jomr B. K Matob. With life of Pliny by 

G. H. Renball, M.A. 5s. 
PLUTARCH.— LIFE OF THEMTSTOKLES. By Rev. H. A. HoLDKN, LittD. 6s. 

LIVES OF GALBA AND OTHO. By E. G. Haicuy, M.A. 6s. 
FOLYBIUS.— THE HISTORY OF THB AOH^fiAN LEAGUE AS CONTAINED IN 

THE REMAINS OF FOLYBIUS. By W. W. Capes, M.A. 6s. 6d. 
PBOPERTIUS.— SELECT POEMS. By Prof. J. P. PoSTOATE, IdttD., Fellow of 

Trinity College, Cambridge. 2d Ed., revised. 6s. 

SALLUST.— OATILINA and JUGUBTHA. By 0. Memtale, D.D., Dean of Ely. 

4s. 6<!. Or separately, 2s. 6d. each. 

BELLUM CATULIN.& By A. M. Ooos, M.A., Assistant Master at St. Paul's 

School. 4s. 6d. 

JUGURTHA. By the same Editor. [In preparatUkn. 

TA0ITU8.— THEANNAia BOOKS I. and U. By J. S. Bud, LittD. 

[In preparation, 

THE ANN ALS. BOOK YL By A. J. Ckubch, M.A., and W. J. Bbobbibb, 
M.A. 2s. 6d. 
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THB HISTOKIBS. BOOKS I. and IL By A. D. Qodlet, M.A., FeUow of 

Magdalen OoUege, OxfovcL 6«. BOOKS UL-V. B7 the aatne. 6i. 
AGRIGOLA and GBBMANIA. By A. J. Oedboh, M.A.» and W. J. Bmohbos, 

>T.A. 3s. 6d. Or separately, 28. each. 

TfiBENCE.— HAUTON TIMOiiUMENOS. By B. S. SflUCJKBUROH, 34.A. 3a. 
With Translation. 4s. 6d. 

FHORUIO. By Bay. John Bond, M.A., and BeT. A. B. Walpolb, lf*A. 4b. 6d. 

THUUVlinXBB.— BOOK I. By 0. Bbtans, H.A. [In p r^^ar a tton. 

BOOK IT. By B. 0. Uabobant, M.A., Assistant Master at 81 7lanl*s SohooL 

BOOK ill. By 0. Bryans, [In preparation, 

BOOK IV. By C. £. GBAV£a, M.A., Classical Lecturer at St. John's CoUege, 
Oambrldgtt. 6a. 

BOOK V. By the same K.I i tor. [Intli^Prm, 
B00K8 VI. andVTI. the SIOIUAN EXPEDITION. By Bev. FsBonraz. 

Frost, M.A. With Map. 5s. 
BOO K VIII. By Prof. T. G. Tucker, M.A. [In preparaiion, 

TD0UUCr8.--SEIiE0T FOBMS. By Prof. J. P. PonoATS, LtttD. ilnprepairaikm, 
TOOn..— iENEID. BOOKS II. and III. THB NARRATIVB OF .SNBAaw 

Bv Tj. W. IIowson, M.A., Assistant Master at Harrow. 
X£n6pH0N.~THK ANABASIS. BOOKS I.-IY. By Profs. W. W. Goodwin 
and J. W. Whitx. Adapted to Goodwin's Greek Gfammar. With Map. ta. 
HBLLENIOA. BOOKS I. and 11. ByH. Hailstonb, B.A. With Mail. 4s. ed. 
CYROP^niA. BOOKS VIT. and VIII. By A. GooDWor, M.A., Fioftsaor of 

Classics in University College, London, 5s. 
MEMOKABiLiA SOCRATIS. By A. K. Cluer, B.A., Balliol College, Oxford. 
6s. 

HIERO. Bv K . H. A. HOLDMr, LittD., LL.D. 8s. ed. 
OEOONOMICUS. Bytbesame. WithLexiooiu 0a. 



• CLASSICAL LIBRARY. • 

Texts, Edited with Introductions and Notes, for the nee of 
Advanced Students ; Ckmune&taries and Translatione. 

iBSOHTLUB.— THE SUPPLICBS. A Berlsed Tszfe, with Translation. By T. 

G. Tdck£r. M.A., Professor of Otassioal Philology in the UniTaiaiiy of Mel* 

bonroe. 8vo. 10s. 6d. 

THE SEVEN AGAINST THEBES. With Translation. By A. W, Yerkall, 

littD., Fellow of Trinity OoUsge, Cambridge. 8m 78. 6d. 
AGAMBMNON. With Translation. By A W. Vbrrall* LltlD. 9wo, ISs. 

AGAMEMNON, CHOEPHORCT:, AND EUMENIDES. By A. O. Phickard, 
M.A., Fellow and Tutor of New Cull*'rTe, Oxford. 8vo, [In prtparation. 

THE EUMENIDES. With Verae IrauaiiiLiou. By Bebnard Drake, M.A 
SVO. 6s. 

ABTONmUS, MARCUS AUREUUS.— BOOK IV. OF THE MBDITATIOB& 

With Translation, l^v Hastings Crossley. M.A. 8vo. 68. 
ARISTOTLE.— THB MiilAl'HYblCS. BOOK I. Translated by a Cambridfitt 
Graduate. 8to. £s. 
THB FOIilTICa. By B. D. HtOKB» M.A., Fellow of Trinity OoUege, Cambndga 

8vo. \In fhf 7'rf-<r. 

THE POLITICS. Translated by Rev. J. E. C. Welloon, M.A., Meadmaater of 

Harrow. Gr. 8to. 10b. Od. 
THB RHETORIC. Translated by the same. Or. 8vo. 7s. 8d. 

AN INTRODUCTION TO ARISTOTLE'S RHETORin, Wit!i Analysis, Note*, 
and Appendices. By E. M. Cofk, PeUow and late Tutor ol Trinity OoUcm, 
Oambndge. Sm 14s. 
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THB BTHICB. Tnmdated laj Bar. J. B. O. Wbuldoit, M.A. Or. 8to. 

[In preparation. 

THE SOPHISTICI ELEKCHI. With TranaUtion. By E. Posn, M.A., FeUow 
of Oriel Ck>Uege, Oxford. 8vo. Ss. tkl. 
ABI8T0PHANE8.— THB BIRDS. Tnmalated into English Vene. By R H. 
Kennedy, B.D. Or. 8vo. <ta. Hdp Notas to the flame, for the Uao of 

Sttirlf'nts. Is. 

ATTIC O&ATQBS.— FKOM ANTIFHON TO ISAEOS. By R. C. J ebb, Litt.D., 
Regius Professor of Greek in the University of Cambridge. 2 voLs. 8vo. 25s. 

BABRIU8.— With Lexicon. By Rev. W. Q. Ruthkriord, M.A., LL.D., Head- 
master of Westminster. 8vo. 12s. 6d. 

OIOEBO.-THE AOADBMIGA. By J. 8. BxzD, UttD., FeUow of Oftios Ooltage, 

Cambridge. 8vo. ISs. 

THB ACADEMICS. Translated hy the same. 8vo. 5s. 6d. 
SELECT LETTERS. After the Edition of Albeht Watson, M.A. Translated 
by Q. B. JBavB» X.A., Ftilow of Hertfonl Oollege, Oxford. Or. 8vo. 10s. 6d. 

EURIPIDES.— MBDBA. Edited by A. W. Verrall, Litt.D. 8vo. 7b. 6d. 

IPHIGBNIA IN AULIS. Edited by E. B. England, M.A. 8vo. [In the Press. 

INTEODUCIION TO THE STUDY OF BUEIPIDES. By Professor J, P. 
Mahafit. Fcap. 8vo. Is. 6d. (Classieal WHters}. 

HBEODOTUS.— BOOKS t-ni. THE ANCIENT EMPIRES OP THE EAST. 
Edited by A. H« SATOBy Bepnty-Piofeasor of ComparatiTe Philology* Oxford. 

Bvo, 16s. 

BOOKS IV. -IX. Edited by R. W. Macan, M. A., Lecturer in Ancient Uiatory at 
Brasenose College, Oxford. 8vo. [In prtpanmon, 

THE HISTORY. Translated by G. 0. Kagaulat, H.A. 2 vols. Cr. 8vo. 188. 

BOMER. THE ILIAD. By WALm IiBAV, littD. 8vo. Books L-ZH. 14b 

iin.tk.s XIII.-XXTV. 148. 

TilE ILIAD. Trauslated mto English Prose by Andkkw Lano, M.A., Waltkii 
Lbaf, LittD., and Bbnebt Xtsbs, M.A. Or. Sro. ISa. M. 

THB ODYSSEY. Done into Englij?h l)y S. H. Butchek, M.A., Pjofessor of 
Greek in the University of Edinburgh, and Andrew Lang, M.A. Cr. Svo. 6s. 

INTRODUCTION TO THE STUDY OF HOMER. By the Right Hon. W. B. 
Gladstone. 18mo. Is. {Literature Primers.) 

HOMBBIO DICnONART. l^tnalated from the Qennan of Dr. O. Autshbistb 
hy B. P. Kw, Pfa.D. IBustmted. Or. 8yo. te. 

HORACE.— Translated by J. Lon.sdai.e, M.A., and S. Lee, M.A. Gl. 8vo. 3s. 6d. 

STUDIES, LITERARY AND HISTORICAL, IN THB ODBS OP HORAOB. 

hy A. W. Vfrrall, Litt.D. 8v.». 8^. 6d. 

JUVENAL.— iniiii KEN SATIRES OF JU\"ENAL. Bv JouN E. B. Mayor, 
M.A., Pi'ofessor of Latin in the University of Camhndge. Or. 8to. 2 vola. 
10.>. !. each. Vol. L 10s. 6d. VoL II. 10s. 6d. 

THIU 1 j:i^N SATUtES. Translated by Alex. Lxbpbb, M.A., LL.D., Warden of 

Trinity Cullege, Melbourne. Cr. Svo. 38. 6d. 

KTBSLAlS.— THB FHAGMENTS OF THE PERSIEA OF KTESIAS. B7 John 
QiUfOBB, M.A. 8vo. 8a. Od. 

UVT.^BOOKS I.-IV. Tnmalated by Bey. H. K. SrBrHraraoii, U. A. 

[In prrparation. 

BOOKS XXI.-XXV. Translated by A. J. Cacacs, M.A., and W. J. Baopribb, 

M.A. Cr. 8vo. 7s. 6d. 

INTRODUCTION TO THE STUDY OF LIVY. By Rev. W. W. Capjes, M.A. 
Fcap.8vo. la.6d. {CUu&M Wriign,) 

ICABTXAL.— BOOKS I. and 11. OF THB BPIGRAM& By Prof. Johh B. B. 

Mayor, M.A. 8vo. [In the Press. 

PAUSANIAS.— DE.SORTmON OF GREECE. TraTislat<>d with Couune&tacy 
by J. G. FRAZtai, M.A., Fellow of Trinity College, Cambridge. 

[InpnpainUion. 
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PHBTmOBUB*— THB NB W FHRTNICHUS ; bflbig s Berfied Tsrt of tiM Bdoga 
of the Qiaminttian Phrynichua. Witii Introdnction and Commentary by Ber. 

W. G. Rutherford, M.A., LL.D., Headmn ti r < f Westminster. 8vo. IBs. 

PINDAR.— THB EXTANT ODES OF PINDAii. Translated by Ebnxst Mysbs, 
H.A. Or. Sm 69. 

THB OLYMPIAN AND PYTniAN ODES. Edited, with an Introductory 
Essay, by Basil Gildrrslkeve, Professor of Greek in the Joluis fiopUns 
Um versity, U.S.A. Or. 8vo. 78. 6d. 

THE NBIIBAN ODES. By J. B. Bubt, H.A., Fellow of Trinity Oollege, 

r>ul)liii. 8vo. [In the Pre$9, 

PLATO.— PH^DO. By R. D. AbohbbpHimd, M.A., Fellow of Xrisitj OoUf^e, 

Cambridge. 8vo. 88. 6d. 
PHiEDO. By W. D. Geddbs, LL.D., Principal of the University of Aberdeen. 
8vo. 8a. 6d. 

TIMABXJS. With Translation. By R. D. Archer-Hind, M.A. 8vo. 168. 
THB REPUBLIC OF PLATO. Translated by J. Ll. Davubb, MLA., and D. J. 

Yauquan, M.A. 18mo. 4s. 6d. 

BTTTHTPHBO, APOLOGY, CRITO, AND PHjEDO. Tnuidated 7. J. 

Church. 18mo. 4s. 6d. 

PHiEDRUS, LTSIS, AND PROTAGORAS. Translated by J. WBiipr, ILA. 

18mo. 4s. 6d. 

PLAUTU8.— THE MOSTELLARIA. By Wiluau Ramsat, M.A. Edited by 
G. G. Ramsay, H.A., Profesaor of Humanity in the UnimaltQr of Glaigow* 

8vo. 14s. 

PUNT.— OORRBSPONDENOB WITH TRAJAN. 0. Plinii CaeciUl Secnndl 
Bplstole ad Traiannm Imperatorem enm Binsdem Responsls. By K. G. 

Hardy, M.A. Svo. IO3. 6d. 

POLTBIUS. THE HISTORIES OF POLYBIU& Tianskted by B. a SSUOK- 
BURGU, M.A. 2 vols. Cr. Svo. 24s. 

SALLUST.— CATILINE AND JUGITRTIIA. Translated by A, W. Pollard, B.A. 

Or. Svo. 68. THB CATILINE (separately). 8s. 
SOPHOCLES— (EDIPUS THE KING. Translated into En:;!ish Verse by B. D. A. 

"MoRSHKArt, M.A., Assistant Master at Winchester. Fcap. 8vo. 3s. 6d, 
XACITOS.— IHii ANNALS. By G. O. Holbrooke, M.A., Professor of Latin m 

Trinity College, Hartfoxd, U.&A. With Uapa. 8m 16b. 
THE ANN Al S. Translated by A. J. Ohobce, M.A., and W. J, BnoittlBi^ X.A. 

With Maps. Cr. Svo. 7s. 6d. 

THB HISTORIES. By Rev. W. A. Spoonkb, M.A., Fellow of New College, 
Orf brd. 8va [In ffts Prm» 

THB HISTORY. Translated by A. J. Ohuboh, H.A., and W. J. Bbodbisb, 

M.A. With Map. Cr. Svo. 6a. 

THB AGRICOLA AND GERMANY, WITH THE DIALOGUE ON ORATORY. 
Translated by A. J. OnimoR, M.A., and W. J. Bbobbibb, M.A. With Maps. 

Or. Svo. 4s. e<]. 

INTRODUCTION TO THE STUDY OF TACITUS. By A. J. Ohurch, M.A., 
and W. J. Brodribb, M.A. Fcap. Svo. Is. Cd. (Classical Writers,) 
THEOCRITUS, BION, AND MOSOHUS. Translated by A. Lahq, M.A. 18mo 
4a. dd. 

*^^* Also an Eriition on Large Paper. Cr. Svo. 9^. 

THUOYDIDES.— BOOK lY. A Revision of the Text, Illustrating the Principal I 
Ottnses of Gorraption in the Mannseripts of this Author. By Bar. W. G, , 

Rutherford, M.A., LL.D., Headmaster of Westiriin.stcr. Svo. ts, 9d, 

BOOK YIII. By H. a Goodhabt, M.A.| Fellow of Trinity College, Gambri lixe 

[Tnths Press. 

VIRGIL.— Translated by J. Lonsdale, M.A., and S. Lee, M.A. Gl. Svo. Ss. 6d. 

THE .SNBID. Translated by J. W. Mackail, M.A., Fellow of BalUol Ck>Uege, 

Oxford. Cr. Svo. 7s. (M. 
XBNOPEON.— Translated by H. G. Dakyn^, M A. In four vols. VoL I., con- 
taining "The Anabasis" and Books 1. and ii. of "The Hellenica." Cr. Svo 
IOS.61L (Vol. XL in fke PrsML 
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OBAMMAH, OOMPOSmON, S& PHILOLOGT. 

BELCHEB.-SHORT EXERCISES IN LATIN PROSE COMPOSITION AND 
BXAMIKA J ION PAPERS IN LATIN GRAMMAR. Part I. By Rev. H, 
Belcher, LI^. D., Rector of the High School, Danedin, N.Z. 18mo. la. 6<L 
KEY» for Teachers only. ISmo. 3s. 6d. 

Part IL, On the Syntax of Sentences, with an Appendix, including BXBR0I8B8 
IN LATIN IDIOMS, etc 18mo. 28. KEY, for Teachers only. 18mo. 3s. 
BL4GKIE.— GREEK AND ENGLISH DIALOGUES FOR USK IN SCHOOLS 
AND COLLEGES. By Johk Stuabt Blacjlu, Emeritus Profesaor of Greek 
in theUidveriMyofBdtiilMirgli. Ntw Bdition. Faip.8T0. Sa.6d. 
BBYANS.— LATIN PROSE EXERCISES BASED UPON CAESAR'S GALLIC 
WAR. With a Clasaiflcation of Caesar's Chief Phrases and Grannrjatical Notes 
on Cs&sar's Usages. By Clsmsmt BRYAiiS. M. A., Assistant Master at Dolwii^ 
OoUege. Bs; fcap. 6m 8s* 0d. KBT, for TflAchen only. 4b. Qd. 
OBBBK FBOSE BZBB0I81I8 bftied upon ThneydldM. By Hm aune. 

[In preparation, 

OOOK80N.— A LATIN SYNTAX. By CH&isiorHK& Cookson, M.A., Assistant 
Master at St. Paul's SchooL 9vo. [In preparation. 

OOBNELL UNIYERSITY STUDIES IN GLASSICAL PHILOLOGY. Edited by 
L Flagq, W Q. Hale, and B. I. Wheeler. I, The CC73f -Constructions : their 
History and Funotions. By W. G. Hals. Part 1. CriticaL Is. ad. nett. Part 
t. Oonatroetf ve. 8a. 4d. netti IL Analogy and the Scope of Its AppUeation 
in Language. By B. I. Whzzler. Is. 3d. nett. 

BJOBlE.-FrRST LESSONS IN LATIN. By K. M. BiOKs, B.A., Aasistant Master 
at Oundle SchooL GL bvu. ^a. tid. 

BH0LAin>.— BXBROISBS ON LATIN SYNTAX AND IDIOM. ABBANOBD 

WITn REFERENCE TO RORrS SCHOOL LATIN GRAMMAR. By E. 
B. England, Assistant Lecturer at tho Owens College, Victoria UDiTersity» 
Manchester. Cr. 8vo. 23. 6d. KEY, for Teachers only. 2s. 6d. 
OILB8.— A MANUAL OF GREEK AND LATIN PHILOLOGY. By P. Oiuia, 
M. A, Fellow of GoATiUe and Oaiaa Ooll^ge, Cambridge. Or. 8vo. 

[In th$ J*res$, 

GK)ODWIN.— Works by W. W. CtooDwm, LL.D., D.O.L., Professor of Greek in 
Harvard University, U.S.A. 
SYNTAX OF THE MOODS AND TENSES OF THE GREEK VERB. New 

Ed., revised and enlarged. 8vo. 14s. 
A GREEK GRAMMAR. Cr. 8vo. 6s. 
A GBBBK GRAMMAR FOR S0H00L8. Cr. 8vo. 8a. «d. 
OBEENWOOD.— THE ELEMENTS OF GREEK GRAMMAR. Adapted to the 
System of Crude Forms. By J. G. GREKNwooDt aometime Principal of the 
Owena College, Manchester. Cr. 8vo. (3d. 
HADLEY AND ALLEN.—A GBBBK GRAMMAB FOB SCHOOLS AND 
COLLEGES. By Jame.s Hadley, late Pr; frss jr in Yale Colle^^e. Revised 
and in part rewritten by F. de F. Ai.t.ex, Professor in Harvard Collage. 
Cr. Svo. 68. 

H0D060N.— MYTHOLOGY FOB LATIN YBBSIFIOATION. A brief aketeh of 

the Fables of the Ancients, prepared to be rendered into Latin Verse for 
Schools. By F. Hodoson, B.D., late Provost of Eton. New Ed., reviaed by 
F. C. Hoi>QSON, M.A. ISmo. Ss. 

JA0K8ON.~FIRST STEPS TO GREEK PROSE COMPOSITION. By BLaiPlBLD 

Jackrov, M.A., Assistant Master at King'a College ScAlOOl. ISmow la. Od. 

KEY, for Teachers only. 18mn. 3s. 6d. 

SECOND aii^Fii TO GREEK 1 KOSE COMPOSITION, with Miscellaneous 
Idioms, Aida to Accentuation, ai i i :xamination Papers in Gre<^ Scholarship. 
T?y the .same. 18mo. 2s. 6d. KEY, for Teachers only. ISmo. 8s. 6i. 
KYN ASTON.— EXERCISES IN THE COMPOSITION OP GREEK IAMBIC 
VERSE by Traiiaiations from English Dramatistii. By Rev. II. Kynaston, 
D.D., Professor of Claaaica in fbe univeraity of DnrluuiL With Vocabnlaiy 

Kr. fcap. 8vo. 55. 
K£y, for Teachers only. Ex. fcap. 8?o. 4i. 6d. 
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LUPTOK.~AN INTRODUCTION TO LATIN BLBGIAO VHB8B 0OMP08I. 
TION. By J. H. LupToy, Sur-Masterof St. rauVs SohooL GL 8vo. Sa. 6d. 

KEY TO PART II. (XXV.— C.) Gl. 8vo. Sa. M. 

AN INTRODUCTION TO LATIN LYRIC VEHttE COMPOSITION. By tiM 
same. OL 8to. Ba. KEY, for Teachers only. Gl. 8yo. 4s. dd. 

MAOKIB.— FARALLBL PA8SAGBS FOR TRANSLATION INTO 0BSBK 

AND ENGLISH. With Tnrlexes. By Rev. T^r.T.is C. MacKI% HA., dlfldctl 
Master at Heversh&m Grammar School. Gl. 8vu. 4s. (kl. 

MAOMILLAN.— FIRST LATIN GRAMMAR. By M. a Maomillak, M.A 
Fofep. Bwo, li. M* 

IIAOMILLAN'S GBEBK 00UB8E.— Edited by RST. W. G. RvtbsbvobDi lf.A, 

LL.T)., TTi^adinaster of Wpst-minster. Gl. 8vo. 
F1B»ST GREEK GRAMMAR AOCmENOB. By the Editor. 2a, 
FIB&I GRBBE GRAMMAR— til NTAX. By the aume. 2a. 
AOOIBBNOB AND SYNTAX. In one volnine. Ss. 6d. 

BA8Y BXBRGISBS IN GRBBE AOCIDBNCB. By H. G. Vnixbbbill, M.A., 

Afislstant Master at St. Paurs Preparatory School. 2s. 
A SECOND GREEK EXERCISE BOOK. By Rev. W. A, HxasD, M.A,, 

Headuiaater of Fettes College, Ediiibui;glu 2s. 6cl* 
ICANUAL OF GRBBK AOOIDBNOB. By the Editor. (In prepant^ 

MANUAL OP GREEK SYNTAX. By the Editor. llnpnpanaimu 
ELEMENTARY GREEK COMPOSITTON. By the Editor. [In preparatUm. 
MACMILLAN'S GREEK READER.— STUK I ES AND LEGENDS. A First Greek 
Reader, with Notes, Vocabulary, aud Exercit^es. By F. H. Colson, M.A., 
Heedmaster of Flymoath Oollege. GL 8m 8i. 
MACMILLAN'S LATIN COURSE.— By A. M. Cook, M.A., Assistmt Master it 
St. Paul's School. First Fart GL Syo. 38. 6d. Second Fart 28. ad. 

[Third Part in preparation. 

MAXmSLLAXPS SHORTER LATIN COURSE.— By A. M. Cook, ]f.A. Being sn 

ahndprnent of "Macmillan's Latin Course," First Part Gl. 8vo. Is. 6d. 
MACMILLAN'S LATIN READER.— A LATIN READER FOR THE LOWER 
FORMS IN SCHOOLS. By H. J. Hakdy, M.A., AiisibUHit ilaater at Win- . 
eheiter. GL8vo. Ss. 6d. | 

MABSHAUb^A TABLE OF IRREGULAR GRBBK VERBS, classified accoidiog ! 

to the arrangement of Curtius's Greek Grammar. By J. M. MABSaJUUL» MJL, | 

Headm aster of the Grammar School, Durham. 8vo. Is. 
MAYOR.*- FIRST GRBBK RBADBR. By Rrot Jobh B. B. Mayor, M.A., Fellow 

of St John's College, Cambridge. Fcap. Sro. 4a. 6d. 

MAYOR.— GREEK FOR BEGINNERS.-By Rrr J. B. Matoe, M.A., late 
Professor of Classioal Literature in King's College, London. Part I., with 
Vocabulary, Is. Od. Parts II. and III., with Vocabulary and Index. Fcap. 
Svo, 3s. Oil. Complete in one VoL 4s. 0d. 

NIXON. -^PARALLEL EXTRACTS, Arranged for Translation into English and 
Latin, with Notes on Idioms. By J. K. Nixon, M.A., Fellow and Classical 
Leetnrer, Klnir's College, Cambridge. Fart I.^HIstorieal and EpIstoUoy. 
Cr. Svo. 8s. 6a. 

PROSE EXTRACTS, Arranged for Translation into KngUsh and Latin, witb 
General and Special I'refaces on Style and Idiom. By the same. I. OiatoricaL 
II. Historical. III. PhilosophicaL IV. Anecdotes and Letters. 2d Bd, 

enlarged to 280 pp. Cr. Svo. 4s. 6d. 

8ELKCTI0NS FROM PROSE EXTRACTS, including Eaay Aneodotea and 
Letters and Notes and Hints. By the same. 120 pp. Ss. 

Translations of about 70 Bxfemcts can be supplied to Schoolmasters (2a. 6dLX 
on application to the Antlior: and aboat^OshniUurly of "Faimllel Bxtneta," 

Is, »>d. post free. 

PAN TIN.— A FIRST LATIN VERSE BUOiL iiy W. E. F. FxnTin, MJL, 
Anistant Matter at St Patil'iSehooL Gl. 8vo. la. «L 

PBILB.— A PRIMER OF PHILOLOGY. By J. PkiL^ litt D„ Maatar oC daiirf 
College, Cambridge. 16mo. la. 
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P0STaA7£.~SERM0 LATINUS. A shoit Guide to Latiu Prose Gouipoaition. 
By Prof. J. P. PdOTOATB, LlttD., Fellow of Trinity College, OunbriOge. OL 

8vo. 'Jg. KEY to " Selected Passages." Gl. 8vo. 8s. ed. 
POSTQATE AND VINCE.— A DICTIONARY OF LATIN BTYMOLOOY. By 
J. P. P08TOATK and 0. A. YiMCS. [In preparation, 

Pom.— Hnrra towabds latin prosb cowfobition. By a. w. pums, 

M.A., LL.D., late Fellow of St, John's College, Cambridge. Ex. fcap. 8vo. Ss. 
PASSAGES FOR TRANSLATION INTO LATIN PROSE. Edited with Notes 
and Refieronces to the above. Ex. fcap. 8to. 2s. 6d. KEY, for Teachers only. 
9§.6d. 

PaESTON.— BXERCISES IN LATIN VERSE OP VARIOUS KIND& ByBsT. 

G. Prestoh. CA. 8vo. 28. ed. KEY, for TpncberM only. GL 8vn. .^-«?. 

BBID.-A GRAMMAR OF TAOlTUa By J. a. UtL D., Fellow of Gains 

College, Cambridge. [In th» Press. 

A GRAMMAR OF VIRGIL. BythasuiM. [Inprepamiion, 
BOBY.— Works by H. J. Roby, M.A,, late Fellow of St. Jolin's College, Cambridge. 
A GRAMMAR OF THE LATIN LANGUAGE, from Plautua to Suetonius, Part 
L Sounds, InflexioQBy Word-formation, Appendices. Or. 8vo. 9s. Fftrt II. 
fiyntei, Pi^oflltloiii, eto. 10s. 6cL 
SCHOOL LATIN QRAMMAB. Or.Svo. 6a. . 

BUSH.— SYNTHETIC LATIN DELKCTn& With N^ ft&d VoestMlklT. ByB. 

Rush, B.A. Ex, fcap. 8to. 2s. 6d, 

BUST.— FIRST STEPS TO LATIN PROSE COMPOSITION. By Rev. G. Rust, 
M.A. ISma If. <ML KBY, fbr Teachon only. By W. M. Yatu. 18mo. 

3s. 6d. 

BUTHEBFORD.— Works by the Rev. W. G. Ruthjeaford, M.A., LL.D., Head- 
maattr of Weatmlaatar* 
BEX LEX. A Short Digest of the prindpal Bdatlona twhraea the Latin, 

Greek, and Anglo-Saxon Bounds. 8vo, [In preparation. 

THE NEW PHRYNICHUS ; being a Revised Text of the Ecloga of the Gram- 
marian Phrynichus. With Introduction and Commentary. 8vo. 18s. (See 
also Macmillan's Greek Course.) 
8HUCKBURQH.— PASSAGES FROM LATIN AUTHORS FOR TRANSLATION 
INTO ENGLISH. Selected with a view to the needs of Candidates for the 
Cambridge Local, and PahUe BchooV BzamtaiatloBfl. By B. 8. Shuokburob, 
M A. Cr. 8vo. 2s. 

SIMPSON. — LATIN PROSE AFTER THE BEST AUTH0RJ3 : Caesarian Prose. 

By F. P. SiMPaoM, B.A. Ex. fcap. 8vo. 28. 6d. KEY, for Teachers only. 
Bx. fcap. are. 5a. 

8TBA0HAN ABB WILKINS.— ANALBCTA. Selected Passages for Translation. 
By J. S. Stbachan. M.A.. Professor of Greek, and A. S. Wilkihs, Litt* D., 
P rofessor of Latin in the Owens College, Manchester. Cr. 8vo. 5s. 

THBINO.— Worin by the Bar. B. Thboto, M.A., late Headmaat»r of Uppingham. 
A LATIN GRADUAL. A First Latin Construing Book for Beginners. With 
Coloured Seiit<T!f»o Ma^'=?. Frap, 8vo. 2d. ful. 

A MANUAL OF MOOD 1 UNSTRUCTIONS. Fcaj). 8vo. 
WELCH AND DUPFIELD. — LATIN ACCIDENCE ANL» EXERCISES AR- 
RANGED FOR BEGINNBRS. By W. Wblch and a G. Doffikld, 
Assistant Masters at Cranleigh School. 18mo. Is. 6d. 

WHITE. FIRST T FSSONS IN GREEK. Adapted to OooDwiyg Grkek Gram- 
MAK, and designed as an introduction to the Anabasis of Xenopbon. By 
JoHK WiLLXAUS Wbitb, Assistanli-PxofesBOr of Greek In Harvard UniTsrsity, 

U.S.A. Cr. Svo. 4s. 6(1. 

WRIGHT.- Works by J. Wiuqbt, M.A., late Headmaster of Satton Coldfleld 

School. 

A HBLP TO LATIN GRAMMAR; or, fhe Vomt and Use of Words In Latin, 

with Progressive Exercises. Cr. 8vo. 4s. 6d. 
THE SEVEN KINGS OF ROME. An Easy NnmitivV, nbridrred from the First 
Book of Livy by the omission of Difficult Passages ; being 9 First Latin Read* 
ing Book, with Grammatical Notes and Toealmlary. Foap. tro. Ss. 6d. 
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FIUST LATIN STEPS: or, AN INTRODUCTION BY A SBRIES OF 
BXAMPLB8 TO XH8 STUDY OF THB LATIN LANQUAOB. Or. 8m U. 
ATTIC PBIHBBb Amiiged for the Use off Begtunen. Bz. tem^ 8viii» 

28. Gd. 

A COMPLETE LATIN COURSB, oomprisifig Balet with Bzamples, Bzercises, 
boUi Latin and Bnglidi, on eatii Rule, and voealmlaiiei. Or. Sfo. Sa. 6d, 

ANTIQUITIES, ANOIBNT HISTORY, AND 

PHILOSOPHY. 

ABNOUX— A HANDBOOK OF LATIN BPIORAPHT. By W. T. Abhold, 

^ I . A . [In preparation. 

THE ROMAN SYSTEM OF PHOVTNCIAL ADM FNTSTRATION TO THE 
ACCESSION OF CONdi AN iiNE liiE GREAT. By tiie aa me. C r. bvo. fia. 

ABNOU).— THB BBOOND PUNIO WAR. Befatg Ohaptera from THB HI8T0RT 

OF ROME by the late Thomas Arnold, D.D., Headmaster of Rugby, 
Edited, with Notes, by W. T. Art^old, M.A. Witb 8 Maps. Cr. 8vo. 8^. M. 
BEBSL7.--biURIBS FROM THE HISTORY OF ROME. By Mrs. Ueesly, 
Fcap. 8vo. Ss. 6d. 

BUBH.— ROMAN LITERATURE IN RELATION TO ROMAN ART. By Rev. 
Robert i^urn, M.A., late Fellow off Trinity CoUoge, Oiiabfidge. ULuatiated. 

Ex. cr. bvo. 14s. 

BURY.^A HI8T0RT OF THB LATBB ROMAN EMFIBB FROM ARGADIU8 

TO IRENE, A.D. 895.800. By J. B. BuBT, M.A., FdlOW Of THoity OoIUge» 

Dublin. '2 vols. 8vo. Hlis. 

CLASSICAL WRITERS.— Edited by John Richa&p G&s£N, M.A.^ LL.D. Fcap. 
8vo. la. <kL eacb. 
fiOFHOCLB& By Prof. L. Campbell, H»A. 

EURIPIDES. By Prof. Mahafty, D.D. 
DEMOSTHENES. By Prof. 8. H. BurcHBB, M.A. 
VIRGIL. By Prof. Nettlkship, M.A, 
LiVY. By Rev. W. W. Capbs, M.A. 

TA0ITU8. By Prot A. J. Obvbob, ILA., and W. J. Bbodbibb, M.A. 

MILTON. By Rev. Stopiobo A. Brooks, U.A« 

FREEMAN.— Works by Edwatid A. Freeman, D.G.L., LL.D.,Begiaa FkofeaaOTOf 
Modem Ilifitory in t]ie University of Oxford. 
HiiiXOBY OF ROME. i^Mutorioal Course for SchooLa.) 18mo. [In preparatMm. 
HIBTORT OF ORBBOB. {HUtoriMiCauneJbrSehooU,) 18mo. {In prepanHotL 
A SCHOOL HISTORY OF ROME. Cr. 8vo. [In prtjpamUmk 

HISTORICAL BSaATS. Second Serte [Greek and Roman Hiatoiy.] 8to. 

10*^. tM, 

FYf f A SCHOOL HiblOiiY OF GliEEUE. By C. A. i; Yiri'fi, M.A. Cr. 8vo. 

OARDNEB.— SAMOS AND SAMIAN COINS. An Es^ny. By pEKry Oai.d.ver, 
LittD., Professor nf Arcbttology in the Univenity of Oxford. With iliuatra- 
tiODS. 8vo. 78. 6d, 

OBIIDB8.-.THB FBOBLBM OF THB HOHBRIO POBHB. W. D. Obudb, 

Princiiml of the University of Aberdeen. 8vo. 14a. 
GLADSTONE.— Works by tlie Rt. Hon. W. B. Gladftonk, M.P. 
THE TIME AND PLACE OF UOMER. Or. 8vo. 6i. Od. 
A PRIMER OF HOMER. ISmo. Is. 
Q0W.-A COMPANION TO SCHOOL OLASSIGS* By Jam» Gow, LtttD., 
Master of the High School, Notttngham. With Btiuitratioiii. Sd Bd., veviaed. 

Cr. Syo. 6s. 

HAKRISON AND VEBEALL.— MYTHOLOGY AN D MONUMENTS OF ANCIENT 
ATHBN8. Translation of a portion of the *' Attica" of Fanaanlaa. By 
M.\!?GARKT T)E G. Vkrrai.l. With Introductory Essay and Archnr-ologicw 
Commentary ^y Jajhh E. HAa&isoN. With lUoatrationa and Pians. Cr. 
8vo. 16a. 
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JBBB.— Workfl by B. C. Jkbb, Litt.D., Professor of Qreek in the UnlTexslty of 
OAinlnidge- 

TB» ATnO OBATOBS nU>M liranraON TO mABOB. STola. 8m asc 
A FBmXB OF GBBBE LITER ATUKE. ISmo. Is. 

(See also Classical Series.) 

KIBPERT.— MANUAL OP ANCIENT GEOGRAPHY. B7 Dr. H KiE- 
piBT. Or. 8to. 61. 

I^C«ANI.— ANCIENT ROME IN THE LIGHT OF RECENT DISOOVERIBa— 
By RoDOLF-o Lakciani, Professor of Ardueology'fiL the Univenity of Rome. 
Illustrated. 4to. 248. 

KABAFFT.— Works by J. P. ICASAnr, D.D., Fellow of Trinity College, Dablin, 
and ProfePHor of Ancient History in the University of Dubliu. 
ROCTAT, rj FE IN GREECE ; from Homer to Mpnander. Cv. 8vo. 9a. 

GREEK LIFE AND THOUGHT; horn the Age of Alexander to the Roman 

Oonqnest. Or* Svo. ISt. 6d. 
THB GREBE WORLD UNDBB ROKAN SWAT. FTmn Plntweh to Polybios. 

Or. flvn. [In the Prtii. 

RAMBLES AND STUDIES IN GREECE. With mustraUons. With Map. Cc 
8vo. lOs. 6d. 

A HISTORY OF CLASSICAL GREEK LITERATUBB. In 2 TOlt. Or. Svo. 

Vol. I. Thf Tn'-ts, vrith an Appendix on Homer by Prof. Satoi, 9s. Vol 

II. The i'lose WnLeis. lu two parts. 
A PRIMER OF GREEK ANTIQUITIES. With Illustrations. ISmo. Is. 
BURIFIDB8. ISmo. Is. 6d. (Clfusieat Wriitn,) 
KATOR.— BIBLIOGRAPHICAL CLUB TO LATIN LITERATURB. Edited 

after IT BNXB, With laige Additions. By Prof. Johx B, B. Matob. Or. 9fo. 

10s . 6d. 

MBWTON.— B88AT8 IN ART AND ARCHJiOTjOGY. By Sir Charles Newton. 

K.C.B., D.C.L. 8vo. 12s M. 
BAYOE.— TliK ANCIENT EMPIRES OF THE EAST. By A. H. Sayci, M.A., 

Deputy- Professor of Comparative Philosophy, Oxford. Cr. 8vo. Gs. 
8HUCKBUROH.— A SCHOOL HISTORY OF ROME. By E. S. Shuckburqh, 

M A. Cr. 8vo. [I» jMvpaniHoii. 

BTEWART.-THE TALB OF TROY. Done into Bnglish by AuBBsr Stbwabt. 

(i L bvo. 3s. Od. 

WALD STEIN.— CATALOGUE OF CASTS IN THE MUSEUM OF CLASSICAL 
A i V ( } i^OLOGY, CAMBRIDGE. By Ch arlbs Waudstbin, University Bcsdsr 
in Qaasical Ai'dn^^'^iotry, Cr. 8vo. is. 6d. 

%* Also au Edition on Large Paper, smaU 4to. Ss. 
Wn<KINS.~Works by Prof. Wilkins, Litt.D., LL,D. 
APRIllBBOFROMANAimQUITIB& lUnstmted. 18mo. Is. 
A PKTMKH OF ROMAN LITERATURE. I8mo. Is. 
WILBLINS AND ARNOLD.— A MANUAL OP ROMAN ANTIQUITIES. By 
Prof. A. S. WiuuNS, LittD., and W. T. Arkold, M.A. Cr. 8vo. Illustrated. 

MODERN LANGUAGES AND 
LITERATURE. 

BagUsb; Fmudi; Gsniuui; UddsmOreOk; Italian; ^panltfi. 

ENGLISH. 

ABBOTT.— A SHAKBSPBARLAN GRAMMAR An Attempt to Illustrate some 
of ths Differences between Blisabethan and Modem Bnglish. By the Rev. B. 
A. Abbott, D.D., formerly Headnsster of the Oity of London SohooL* Bk. 

fcflp. 8vo. 6r. 

BACON.— ESSAYS. With Introduction and Notes, by F. G. Selby, M.A., Profes- 
sor of Logic and Moral Pbilosophy, Dseoan Oollege, Poona. Gl. Svo. 8a. M. 
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BUBK^.—KSFLIGOTIONS ON THS FRSNOH BBVOLUTION. By the same. 

BROOKE.— PRIMBR OP ENGLISH LFEIBBATUBB. By B«T. Sioivobd A. 

Brooke, M.A. 18mo. Is, 

BAR LY KNQIi lSH LITERATURB. By the same. 2to1s.8vo. 11% pr^^oflration. 

BOTLSR.— HUBTBRAS. With Introdiictlon tad Notes, by Alfred Mium, 
M.A. Ex. fcnp. 8vo Part I. 3s. «d. Parts II. and III. 4s. 6d. 

CAMPBELL.— SBLBCTIONS. With Introduction and Notep, by Cecil M. 
Barrow, M.A., Principal and PirefiBSSor of English and Classics, JJoveton 
College, Madras. Gi 8vo. [In preparaOim, 

OOWPER.— THE TA8E : an Epistle to Joseph Hill, Esq. ; Tirocinium, or a Re- 
view of the Schools ; and The History of John Gilpin. Edited, -with Notes, 
by W. Ben HAM, B.D. GL 870. Is. (Globe lUadings from Standard Authon,) 
THE TASK. WItii Introdiiotioii and Notes, by F. J. Bow& M.A., and W. T. 

Wbbb« M.A., FtofoMon of BngUah Liteimtqie, Rmtdaiiey College, Calcutta. 
[In j^^paraMM. 

DOWDEN.— ^HAKBSFERB. By Prof! Dowden. 18mo. Is. 

DB7DEN.--8BLB0T PROSE WORKS. Edited, with Introduction and Notes, by 
Ffof. C D. TOHOB. Fcap. 8to. 2s. 0d. 

GLOBBRBADBBB, ForBttndudsL-TL BdltedlqrA. F.Mimnow. mutimtid. 

Gl. 8vo. 

Primer I. (48 pp.) Sd. Book III. (282 pp.) Is. 3d. 

Primer 11. (48 pp.) 3d. Book IT. (828 pp.) Is. 9d. 

Book I. (96 pp.) 6d. Book V. (416 pp.) 2s. 

Bor-k IT. (136 pp.) 9d. Book VI. (448 pp.) Sts. 6d. 

*THE SHORTER GLOBE READERS.— lUnstrated. QL 8vo. 

Primer I. (48 pp.) Sd. Standard III. (178 pp. 

II. ( " ^ 



Primer II. (48 pp.) 8d. 
Standard 1. (02 pp.) 6d. 
Standard IL (124 pp.) 9d. 



Standard IV. (182 pp.1 
Standard V. (216 pp.) 
Standard YI. (228 pp.) Is. Od. 




* This Series has been abddfsd from **11m Globe Batden ** to meet ttie domand 

for smaller reading books. 

(JOLDSMITH.— THE TRAVELLER, or a Prospect of Society ; and the Deserted 
ViLLAOB. With Notes, Philological and Explanatory, by J. W. HALEd, M.A. 
Cr. 8vo. 6d. 

THE VICAR OF WAKEFIELD. With a Memoir of Goldsmith, by Pttf, 

M asson- gl 8vo, Is. (Glob f. Readings from Standard Authors.) 

SELECT ESaAYS. With Introduction and Notes, by Prot C. D. YoNoa. 
Fcap. 8to. Ss. 6d. 

THE TRAVELLER AND THE DESERTED VILLAGE. With Introduction and 
Notes. By A. Barreit, B.A., Professor of English litemture, Blphinstons 

College, Bombay. Gl. 8vo. Is. 6d. 

THE VICAR OF. WAKSFIBLD. With Introdnetloii and Notes. By H. Lmra- 
DALE, B. A., FiofiBSSor of Hlstoiy and English liteiatuie, Bare i a CoUego. Gl. 

8vo. [In preparaticm, 

G08SE,— A HISTORY OF EIGHTEENTH CENTURY LITERATURE CL6aO-1780). 
By BmuirD Qosai^ Cr. Svo. 78. fid. 

0BAT.'--POBMSb With IntioduetioiL and Notes, by Jomr BsAnesaw, liUD. 
01. 8vo. [InprepaatoHcn. 

HALES.-LONGER ENGLISH FOE^rS. With Notes, Philological and Explana 
tory, and an Introduction on the Teaching of English, by J. W. Haubs, M. A.. 
Profassor of Bnglisli Lttentoxa at Kinifa College, London. Bx. fcap. 8vo. 4s. 6d. 

BBLPS.— B8SATS WRITTEN IN THB INTBRVAL8 OF BUSINBS8. Wttii 
Introduction and Notes, by F. J. Bowb, M.A., and W. T. Wsbb, M.A., 

Gl. 8vo. 2s. 6d. 

JOHNSON.— LIVES OF THB POETS. The Six Chief Lives (MUton, Dryden, 
Swift, Addison, Pope, Gxay), with Maoaulay's " LifiB of Johnson.'* Wifb Fks- 
Ikoe and Notes by matthbw AiiHOLn. Cr. 8vo. 4s. 6d. 



Digitized by Google 



ENGLISH 



15 



LAMB.— TALES FROM SHAKSPEARE. With Prefaco by the R^v. Canon 
AiNOEK, M.A., LL.D. Gl. 8vo. 2s. {Glole Readings from. Standard Authors.) 
LITERATURE FRIHBRS.— Bdited by Johk IUchjad Oeeen, LI1.IX ISnio. 

Is. each. 

ENGLISH GRAMMAR. By Kcv. R. Morris, LL.D. 

ENGLISH GRAMMAR £X£HC1^3. By R. Moa&is, hLuB., and H. a 
BowEN, M.A. 

EXBRGISBS ON MORRIS'S FRIMBR OF BNQLISH GRAMMAR. By J. 

Wetherell, M.A. 
EXGLISH COMPOSITION. By Professor Nichol. 

QUESTIONS AND EXERCISES ON ENGLISH COMPOSITION. By Prof. 

NioHOL and W. 8. M'CoBinog. 
BNGIiISH UTBRATURB. By Stofvobd Bbookb, M.A. 
8HAKSPERB. By Professor Dowden. 

THE CHILDREN'S TREASURY OF T YRTCAL POETRY. Selected and 
arranged with, Notes by Francis TuiiiJ£La ir'Ai.iJKAvE. iu Two Parts. Is. each. 

FHItOLOGT. By J. Pxile, Lit«.D. 

ROMAN IiTnBRATIIBB. By Fxof. A. 8. Wilkims, littD. 

GREEK LITERATURE. By Prof. Jebb, Litt.D. 
HOMER. By the Rt. Hon. W. E. Gladstone, M.P. 
k HISTORY OF ENGLISH LITERATURE IN FOUR VOLUMES. Cr. 8vo. 
EARLY ENGLISH LITERAIUHii. By Stopford Brooke, M.A. [In preparation. 
BLIZAB6THAN LI TBRA TUBB. 0 56O>16 65.) By GBdBGB Saivtbbxjbt. 78. 6d. 

EIGHTEENTH CBNTUBT I1ITBRATUB8. (1660-1780.) By BDXinrD Ooass, 

M.A. 7s. 6d. 

THE MODKHX PFRTOD. By Prof. DoWDEN. [In preparatUm, 

MCMILLAN'S READING BOOKS. 



PRIMBR. 18mo. 48 pp. Sd. 

BOOK I. for Standard I. 06 pp. 4d. 
BOOK LL for Standard II. lU pp. 
6d. 

BOOK III. for Standard III. 160 
pp. 6d. 



BOOK IV. for Standard IV. 176 pp. 

8d. 

BOOK Y. Ua Standard Y. m ppw 
Is. 

BOOK YI. for Standard TI. Cr. Sm 
430 pp. 28. 



Book YI. is fitted for Higher Classes, and as an Introduction to BngUsh liter^ 

iture. 

HACMILLAN'S COPY BOOKS,— i. Large Post 4to. Price 4d. each. 2. Post 
Oblong. Price 2d. each. 

1. Initiatory Exercises and Short Lettbbs. 

2. Words consisting of Short Letters. 

*3. T^NG Letters. With Words containing Long Letters — Figures. 

*4. Words containing Lonq Letters, 

4a. PRAcnanro axd Revistno Goft-Book. F6r Nos. 1 to 4. 

^5. Oapitalb and Short Half-Tezt. Words beginning ^th a OapitaL 

*6. Half-Text Words bcginninj^ with Capitals — Figures. 

*7. Small-Hand and Half- Text. With Capitals and Figures. 

*8. Small-Hand and Half-Text. With Capitals and Figures, 

8a. FRACTIStNG AND REVISING COPY-BoOK. FOT NOS. 5 tO S. 

*9. Small-Haitd Sqtolb Hxadlikbs— Ffgores. 
10. Small-Hakd SmaLB Hxablxmes— Figores. 

n. Smai T Hand Double Headlines— Figures. 

12. Commercial and Arithmetical Examples, &c. 

12a. Practisino and Revising Copy- Book. For Nos. 8 to 12. 

* Thw wuimlbtn may h$ had VfW^ Chodman's Patent Sliding Copies. Large Post 
4to. Price 6d. each. 

UARTIN.— THE POET'S HOUR: Poetry selected and arranged for Children. By 

Frances Martin. ISnio. 2s. 6d. 

SPRING-TIME WITH THE POETS. By the same. 18mo. Ss. 6d. 
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IHLTON.— PABADISE LOST. Books I. and IT. With Introduction and Notes, 
by Michael Macmili av, B.A., Professor of Logic and Moral Philosophy, 
Blphinstone College, Bombay, (ii. 8¥o. 2s. 6d. Or separately. Is. 6d. eacb. 

L'ALLBGRO, IL FBNBER060 LYOTOAS, ARCADBS, 8ONNBI81 Wilih 
Introduction and Notes, by W. Bell, M.A, ProfeMOr of fbuoao^y and 
Logic, Government College, Lahore, GL 8yo. 2& 

COM US. By the same. Gl. 8vo. Is. 6d. 

SAJfiSOK AGONIBTBS. By H. M. Pbroitai., ILA., Ftotefor of JBng^idi lifter* 

ature, Presidency College, Calcutta. 01. 8vo. 2s. 6d. 
INTRODUCTION TO THE STUDY OF MILTON. Bf SlOIVOBD BbOOKI^ 
M.A. Fcap. 8vo. Is. 6d. (Ciasstcai Writera,) 
M0BLE7.— ON THB STUDY OP LFTBRATUBB. Addreu to the Stadenis of 

the London Society for the Extension of University Teaching, delivered at the 
Mansion House, February 26, 1887. By John Morlkt. Gl. Sro, cloth. l8.6d, 
* Also a Papular EdUion in Famp/dti form for DisLrlhuLuni^ price 2d. 

APH0BI8MB. Addiess delivered befbre the Flillosophical Bocittty ot Bdinboigh, 
Novemifer 11, 1887. Bythe^ame. GL 8vo. U. 6d. 
MORRIS.— Works by the Rev. R. Mokris, LL.D. 
PRIMER OF ENGLISH GRAMMAR. ISmo. Is 

ELEMENTARY LESSONS IN HISTORICAL ENGLISH GRAMMAR, con 

taining Accidence and Word Formation. 18mo. 2s. dd. 
HISTORICAL OUTT.INES OF EXGLTSTI ACCIDENCE, comprising Chapter? 

on the History and Development of the language, and on Word formatioiu 

Bx. fcAp. 8vo. 6b. 

HOBRIS AND KELLNEB.— HISTORICAL ODTLINB8 OF ENGLISH SYK* 

TAX. Bv Rev. R. Morris and Dr. L. Kellner. [In preparation, 

MIOHOL.— A BHORX HISTORY OF ENGLISH LITERATURE. By Prof. JoBV 

NiOHOL. OL 8vo. [In preparaHcm, 

OUFHAlflL— THE OLD AND MIDDLE ENGLISH. By T. L. Kinoto.v 

Oliphant. New Ed., revtaed and enlaised, of *'Xhe SoQioes of Stuidud 

English." Gl. 8vo. »s. 
THE NEW ENGLISH. By the same. 2 vols. Cr. 8vo. 21s., 
PALGRAVE.— THB CHILDREN'S TBBA8UBY OF IiYBfOAL POETRY 

gel pr fed and arrangCMi. with NotoB, by VUAXCm T. P^ALOEaTS. I8IIIO. 9i.(l 

Al--'i in Two Pn.rts. Is. each. 

PATMORE. — Till: CHILDREN'S GARLAND FROM THB BEST POETS. 
Selected and arranged by OovxMniT Patmobb. GL 8vo. 9b* (QUim SiadAn^il- 

from Sfnndard Authors.) 

PLUTARGH.— Being a Selection from the Lives which illustrate Shakmpeare. 
Nortel's Tnmiilatlon. Bdited, wfth Introdiicfcloas, Notes, Index of NameBi 

&-nd Glossarial lui'tex, bv Prof. W. W. Skeat, Litt.D. Cr. 8vo. 6s. 

BANSOME.— SHORT STUDIES OF SHAKESPEARE'S PLOTS. By CvRlt 
Ravsome, Piofessor of Modem History and Literature, Yorkshire College, 

BYLAND.*— CHRONOLOGICAL OUTUNBS OF ENGLISH LITERATURK 

By F. Ryi ANT>, M.A. Or. 8vo. [In the Press. 

SAINTSBDRY.— A HISTORY OF ELIZABETHAN LTTERATUBE. l&OO-ieo^ 

By Gbom» Sazkibburt. Gr. 8to. 7b. 6d. 
fiOOTT.— LAY OF THB LAST MINSTREL, and THE LADY OP THB LAKB. 

Edited, -with Introduction and Notes, by Frakcis TunNsa PALaAa.vs. QL 8t0i 

Is. {Globe Readings from. Sta-ndard Authors.) 
THB LAY OF THB LAST MIN8TBBL. With Introdnetlon and Kotes, Ibr 

G. H. Stuart, M.A, Professor of English Literature, Presidnncy College, 

^ladras. GL 8vo. Cantos I. to IIL Is, 6d« Introduction and. Canto 

I. 9d. 

If ABMION, and THB liOBD OF THE ISLES. By F. T. PAX4naTS. GL 

1 s . {Cfldht Readings frrnn Stan dard Authors.) 
MAKMION. With Introduction and Notes, by Mxohasl ICacuiLi^, BA< 

Gl. 8vo. 3s. 6d. 

THB LADY OF XHB LAKB. 9y G. H. SrVAETi X.A. [JnmPrm 
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BOKBBT. With latvodtietioii and Koto, by Uiobabl Maukillaii, n.A. 

01. 8vo. 8s. 6(L 

aHAK£SP£A&S.— A SHAKESPEABIAN GKAMMAB. By Bev. E. A. Abboit, 

A BHAKBSFBABB KANQTAL. By F. O. Fueat, U.A. 9dBd. Bz. fea^ Sro. 

48. 6d. 

PKIMEK OF 8HAKBSPEHE. By Prof. Dowpen. 18mo. Is. 
SHORT STUDIES OF SHAKESFBABE'S FLUIB. By Cykil Kaksomk, M.A. 
Or. 8vo. te. 6d. 

TEE TEMPEST. With Introductioa i&d NotWi by K« DmoHKur, late FtiDclpal 

of Agra College. Gl. 8vo. Is. 6d. 
MUCH ADO ABOUT NOTHING. By the same. GL 8vo, 2a. 
THE MERC HANT OF YBNIOB. By the same. QLBfO, la. 6d. 
TWBLFTH NIGHT. By the aame. GU 8Vo. la. 6d. 
THE WINTER'S TALE. By the aame. GL 8vo. Sa. ed. 
RICHARD II. By the same. Gl. 8vo. \In Jvrrtiti. 

KING JOHN. By the same. Gl. 8vo. [In prepanUUm, 

HENRY V. By the aame. Gl. 8vo. 2s. 

RICHARD III. By O. H. TAWinr, M.A., Frindpal and Profteaor of Bni^lttb 

Literature, Presidency College^ OUentta. GL 8?o. Sa. 6d. 

JULIUS CiBSAR. By K. Deiqhtoh. GI. 8vo. Sa. 
MACBETH. By the same. GL 8vo. Is. 6d. 

OTHELLO. By tlie same. Gl. 8vo. 2s. 6d. 

CYMBELINE. By the same. GL 8vo. 2s. 6d. 

SOBBBBraOHEIN AHD HBIBIiBJOHN,— THB BNGLISH MBTHOP OF 
TEACHING TO RBAD. By A. SoM H Ewac m y and J» B, MxtEjjuowf, 
li.A, Fcap. 8vo. 

COMPRISING : 

THE NURSERY BOOK, conUimng all the Two -Letter Words in the Lau- 
gnage. Id. (Alao fn Large Type on fiOieeta fbr Sehool Walla* Aa.) 

THE FTBST COURSP!, conslatbiof Short Vowels with Single Consonanta. Td. 

THE SECOND COURSi:, with Comblnationa and Biidge8| eonaiating of Short 

Vowels with Double (JoDsonauts. 7d. 

THE THIRD AND FOURTH COURSES, consisting of Long Vowels, and aU 
the Doable Vowels in the Langnaga. 7d. 

flOBTHET.— LIFE OF NELSON. With IntrodiustioD and Notea, by Miohail 

Macmillan, B.A. Gl. 8vo. Ss. 6d. 

TAYLOR.— WORDS AND PLACES ; or. Etymological Illustrationg of History. 
Bthnology, and Geography. By Bev. laaAO Tatlor, littD. With Mapa. 

Gl. 8vo. 68. 

TENNYSON. -THE COLLECTED WORKS OF LORD TENNYSON. AnBditfcm 

for bchuois. lu Foui Parts. Or. dvo. 2s. dd. each. 
TBNNTBON FOR TBB TOUNG. Bdfted, with Notes for the Use of Schools, 

hy tlie Kev. Alfred Aisoer, LL.D., Canon of BristoL [In pr^amiion, 
SBLKGTloNS FROM TENNYSOX. With Introduction and Notea, by F. J. 

Bo WE, M.A., and W. T. Webb, M.A. GL 8vo. 8s. 6d. 
Thisseleotioncontains:— ReoolleotionBof the Arabian Nights, The Lady of 

Sholott. Oenone, The Lotns Eaters, Ulysses, Tithonus, Morte d'Aithur, Sir 

Galahad, Dora, Ode on the Death of the Duke of Wellington, and ^Die 

ReTenge. 

THRING.— THE BLEHBNTS OP GRAMMAR TAUGHT IN BNGLI8E. By 

Edward Thrino, M.A. With QT.estion.s. 4th F l. i8mo, Sa. 

VAUQHAN. --WORDS FROM THE rOETa By C. M. V.u oftan. Tgmo. Is. 

WARD.— THE ENGLISH POETS. Selections, with Critical Introductions by 
variont Writcm and a General Introduction by Matthew Arnold. Edited 
by T. H. Ward, M.A. 4 Vols. VoL I. Chaucer to Donne.— VoL IL Bmr 
JoNsoN TO Dryden.— VoL III. Addisov to BXiAxn. — VoL IV. WoRsawonni 
TO RossKm. Cr. 8vo. Each 78. 6d. 

B 



Digitized by Google 



18 



MODERN LANGUAGES AND LITEEATURE 



WBTHBBBLL.— BXBRCISB8 ON MORBIS'8 PRIMER OF ENGLISH GRAM- 
MAR. By John Wbthibkll» MJLa Heftdnuster of Tt>w«Mter Qnunaiir 

School. I8mo. Is. 

W00D8.^A FIRST POBTRT BOOK. By M. A. WooM, Hetd MtetreM of tha 

Clifton High ScIkjoI for Girls. Fcap. Svo. 2a. 6d. 

A SECOND POETRY HOOK By the same. In two Ftets. Slk <M. MCh. 
A THIRD POETRY BOOK. By the same. 4a. 6d. 
WOBD&WOETfi.— SELEOlIOXa With Introduction and Notes, by William 
WoRMWOBTH. B»A., Prineipal sad Profesior of Hiffeory And PolitlMu Beonony, 
■Ipbiiistone College, Bombay Gl. 8vo. [In preparaU^n. 

T0irOB.~A BOOK OF GOLDEN DEBD& By Obablotib M. ToMcn. OL 
8to. 2s. 

THK ABBIDQBD BOOK OF OOLDBN DBBDa ISmo. li. 

PRENOH. 

BBAUMAROHAIS.— LS BABBIER DE SEVILLB. With Introdootioil and 

Notes. By L. P. Blouet. Fcap. 8vo. Ss. 6d. 
BOWEN.— FIRST LBSSONS IN FRENCH. By H. Gourthops Bownr, M.A. 

Ex. fcap. 8vo. Is. 

BREYMANN.— Works by Hkriuiih BaMnuMtt VtLD,, PtolMsor Of Philology ia 

the Uuiversity of Munich. 

A FRENCH GRAMMAii BASED ON PmDOIiOGiCAL PRINCIPLBS. Ex. 
fcap. 8to. 4a. 6d. 

FIRST FRENCH EXERCISE BOOK. Ex. fcap. Sw. 4a. 6d. 

SECOND FRENCH EXERCISE BOOK. Ex. fcap. 8vo. 2s. 6d. 
FASNACHT.— Works by Q. E. Fasnacht, late Assistant Master at Westminster. 

THE ORGANIC METHOD OF STUDYING LANGUAGES. Ex. fcap. 8vo. L 
FreiMdi* 8a» ML 

A SYNTHETIC FRENCH GRAMMAR FOR SCHOOI^. Cr. 8vo. 8a. 6d. 
GRAMMAR AND GLOSSARY OF THE FRENCH LANGUAGE OF THE 
SEVENTEENTH CENTURY. Cr. 8vo. [In preparall<yji, 

MACMILLAN'S PEIMARY SERIES OF r&ENCH READING BOOKS.— Edited by 
G. B. FaaHAUBT. With lUiutnttloiia, Notaa, Vocabulaiiia, and Bnralaaa. 
GL 8vo. 

CORNAZ— NOS BNFANTS ET LEURS AMIS. By Edith Harvey, la. 6d. 
DE MAmiiE-LA JEUNE SIBiiRIBNNS BT LE L£1FREUX DE LA CiT^ 

lyAOSTB. By Brmum Babut, B.8e. Ae. la. <HL 
FLORIAN- FABLES. By ReT. Chablv Tild, ILA-tHaadmaatov Of Unlvinltf 

School, Nottingham. Is. 6d. 

LA FONXAINE-A SELECTION OF FABLES. By L. M. Moriabty, B.A., 
Aariatant Haater at Hairow. 8a. 6d. 

HOLBSWORTH-FBBNOH UFB IN LBTTBB& By lin. IfouvwoiSB. 

Is. 6d. 

FEURAULT-CONTES DE KI^]RS. By G. E. Fasnacht. Is. 6d. 
MACMILLAN'S PEOGEESSiVE TEENCH GOUESE.— By G. B. Faskaoht. Ex. 
fcpi. 9f0, 

FiBST TiAB, oontainlDg Easy Lessons on the Begalur Aooldnioe. Is. 
Beookd Tear, containing an Elemaptary Cteammar with oopioaa Eaaieiaaa 

Notes, and Vocabularies. 2s. 
Third Ykab, containing a Systematic Syntax, and Lessons in Composition. 

28. 6d. 

THE TEACHER'S COMPANION TO MACMILLAN'S PROGRESSIVE FRENCH 
COURSE. With Copious Notes. Hints for Diilerent Kenderiugs, Svnonyius, 
Philological Remarks, etc By G. B. FaaiiACtiT. Bz. fcap. Svo. Bach Year 

4s. 6d. 

MACMILLAN'S FRENCH COMPOSITION. -By 0. E. Fasnacht. Ex. fcap. 
8to. Part I. Elementary. 2s. 6d. Part I L Advanced. [InthePrm. 
THB TBAOHBR'S COMPANION TO MACMILLAN'S OOURSB OF FRENCH 
OOMPOamON. ByO.B.FA8iiAcaT. Parti. Bx. fcap. 8t«iw 4a. «d. 
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MAOMITJiAIPS PBOgBBSBIVB PBBNOH BBADBB8. By 0. 8. FinrAOBT. Bx. 
feap* 8to« 

Ifmn Year, containing Tales, Historical Extracts, Letters, Dialogues, Ballads, 
Nunerv Songs, etc., with Two Vocabularies : (1) in the order of sulgaots ; 
(2) in alpbAMttoal order. With ImitatlTtt Bzerelsei. 8b. 6d. 

Second Tear, contaioing Fiction in Prose and Verse, Historical and Descriptive 
Extracts, Essays, Letters, Dialogues, etc. With Imitative Bxerclaea. 28. 6d. 

MAOmUs^*S FOBBIGN SOHOOL CLABSIGS. Edited by G. B. Fasnacbt. 
OOKNBILLB— LB GID. By O. E. Fasna oht. Is. 

DUMAS— LES DEMOISELLES DB ST. OYIL By YioiOB OosB, Locfeorer at 

University College, Liverpool. Is, 6d. 

LA FONTAINE S FABLES. Books I.— VL By L. M. Moriahty, B.A., 
Antotuit Mtftflr st Hanow. (In pr^panUUm, 

MOLlfiRB— L'AVAKE. By the sarnr.. Is. 

MOT T^:KE-LE BOURQBOIS GENTILHOMME. By the same. Is. Od. 

M0LI]>RE— r.ES FEMMES SAV ANTES. By G. E. Fasnacht. Ib. 

MOLli^RE—LE MISANTHROPE. By the same- Is. 

If OLTtoB-'LB IfftDXOIN ICALGBB LUI. Bythesame. Is. 

RACINE BRITANICna By B. Ft .LiBBTUB, H.A., AuUtant ICwter at 

Clifton College. 2s. 

FRENCH READINGS FROM ROMAN HISTORY. Selected from ▼aiious 

Authors, by 0. C!olbeck, M.A., Assistant Master at Harrow. 48. 6d. 
SAND, 6B0R0B— LA MAKE AU DIABLB. By W. B. RaaatL, M.A., 

Assistant Master at Halleybury. Is. 
BANDEAU, JULES— MADEMOISELLE DE LA SBiaLIBBB. By H. C. 

Six£t,, Assistant Master at Winchester. Is. 6d. 
THIBRS'S HI8T0RT OF THB BOTPTIAK BXPBDITION. Bf B/W, H. A. 

BntL, M. A., Assistant Master at Wellington. \4n pnp a nHom, 

VOLTAIRE— CHARLES XIT. By G. E. Fasnaciit. 3s. 6d. 
MASSON.— A COMPENDIOUS DICTIONARY OF THE FRENCH LANGUAGE. 

Adapted from the Dietioiiaries <»f Froftflsor A. Blwalu Qy Qubtatx Uaison. 

Cr. 8vo. 63. 

MOLTERE.— LB MALADE IMAGINAIRB. With Introduction and Notaa, Iqr P. 

Tarv£R, M.A., Assistant Master at Eton. Fcap. 8vo. 28. Qd, 
PBIiLBWTBB.— FRBWOH BOOTS AND THBIB TAMILTBS, A Synthatle 

Vocabulary, based upon Derivations. By B. PjtLUBBIsa, H.A., Aarirtant 

Haatar at Cliftoii College. GL 8vo. 6i. 

GERMAN. 

HUSS.— A SYSTEM OF ORAL INSTRUCTION IN GERMAN, by means ol 
Progressiye Illustrations and AppUcattona of tiie leading Btilea of Grammar. 

Bv H. C. O. Hrss, Ph.D. Cr. Pvo. 5^. 

MACMILLAN'S PAOGBESaiVS GERMAN OOU&SB. By G. B. FAasACHX. Ex. 
fcp. Svo. 

FiBST TsAS. Easy leaaona and Bides on the Regular AceUenM. Is. Hd. 
Second Tbab. Conversational Lessons in Systematic Accidence and Elementary 

Syntax. With Philological lUnatrationB and BtymologiGal Tocabnlary. 

8s. 6d. 

Tbibd Tsab. {In Ae PrsM. 

TEACHER'S COMPANION TO MACMILLAN'S PR0GBB8SIVB GBBMAN 

COURSE. With copious Notes, Hints for Different Renderings, Synonyms, 
Philological Remarks, etc. By G. B. Fasnacht. Ex. fcap. 8to. Fmsx Ysab. 
4s. M. SboohdTkab. 4s. 6d. 

MACMILLAN'S PB0OBE8BEVEOBBKANBBA1IER8. ByQ.B.PASirAOBT. Ex. 

fcap. Svo. 

First Year, containing an Introduction to the German order of Words, with 
Oonfons Bzamples, extracts from Gemum Authors la Piose and Ptostry ; Notes, 
and Yocalralazies. 3a. lid. 
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MACMILLAK'S PBIMAKY SEjEUES OF GERMAN BEADING BOOKS. £diM 
by G. B. Fasnacht. With Notei^ YocabolAries and Exerdses. GL 9fo, 
GBDOC^KHmBB UND HAUSXABOHBN. ^jr G. B. FinTMBA Ss. ed. 

EAUFF— DIE KARA VANE. By HmtAV Hao, HkD., Laetom ia tha 

Owens College, Manchester. 33. 

SGHMID, GHR. VON— H. VON EiCHBNFELS. By G. B. Fasnacht. 28. 6(L 
MAOMILLAN*S FOBBION SCHOOL (EiASSIOa— Bdited by 6. E. Fasnacbt. ISmo. 
FRBTTAG (6.).— DOKTOB LUTHER. By F. SlOBS, X.A., Headmutar of the 

Modem Side, Merchant Taylors' School. [Tn prevaration, 

GOETHE— g5tZ VON BERUCHINQBN. By H. A. Bull, M.A., Aasiatant 

Master at Wellington. 2a. 

GOBTHB— FAXJ8T. Fart L, folloiped by an Appendix on Part n. By Jahr 

Lee, Lecturer in Gerrnan Literature at Newnham College, Cam bridge. 4s. 6d. 
HEINE— SELECTIONS FKOM THE REISEBILDEK AND OTiiER FBOSB 

WORKS. By G. Colbeck, M.A., Asai&tant Master at Harrow. 2s. Od. 
UBSSINa-HINNAyOKBABllHBIilL By Jaiob 8iiii,lLA. [//ti^repaftillM. 
SOHILLBR— SELECTIONS FROM SCHILLER'S LYRIOAL POEMS. With a 

Memoir of Schiller. By E. J. Turner, B.A», and X. J). A. Momhrap, H.A. 

Aasiaumt Masters at Winchester. 2s. 6d. 
80HILLBR-DIB JUNOFRAU VON OBUANa By Jowra G<inwiOK. Si, ei 
8CHILLER-MARIA STUART. Bya Shsldov, D.Iiit., Of the Bojll AodflD* 

ical Institution, Bcirast. 2s. 6d. 

SCHILLER— WILIIELM TEEL. By G. E. Fasnacht. 2s. 6d. 
bUiiiLLiiii— WALLiiNiilEiN. Part I. DAS LAGER. B y H. B. CorrERitL. 
M.A. Si. 

UHLAND-SELECT BALLADS. Adapted as a First Easy Beading BookfOT 
Beginners. With Vocabulury. By G. E. Fasnacht. Is. 

PYLODET.— NEW GUIDE TO GERMAN CONVERSATION ; containing a4 Alohs- 
betical List of nearly 800 Familiar Words ; followed by Exercises, Vocabnjaiy 
of Words In frequent use, Familiar Phrases and Dialogues, a Sket<i of Germin 
Literature, Idiomatic Expressions, etc. By L. Pylodet. 18mo. 2s. 6d. 

WHITNEY.— A COMPENDIOUS GERMAN GRAMMAR. By W. D. Whitney, 
Professor of Sanskrit and Inatmetor In Uodim LangOBgni in Tils OoUegu 
Cr. 8yo. 4s. 6d. 

A GERMAN READER IN PROSE AND VEBSE. By the Same. With Notes 
and Vocabulary. Cr. Svo. Ss. 
WHITNEY AND EDOREN.— A COMPENDIOUS GERMAN AND BNGLIBH 
DICTIONARY, with Notation of Corrn^pnnrlences and Brief EtymoIogfM. By 
Prof. W. D. Whitney, asdis ted by A. H. Edoken. Or. 8fo. 78. 6d. 

THE GERMAN-ENGLISH PART, separately, 58. 



MODBBN GBBEK. 

VmOBNT AND DICKSON.—HANDBOOK TO MODERN GREEK. BvSirBDOAa 
YnicniT, K,O.M.G., and T, G. Digesov, 1I.A. Witli Appendix on the nlitim 
of Modem and Oltiiicil GvBok by Plot Jibb. Or, 9vo, iii. 



ITALIAN. 

DA]ITB.^THE PURGATOBY OF DANTE. Wifh TnoisUtlon and Notes, by A. J. 

Butler, M.A. Cr. Svo. 12s. 

THE PABADISO OF DANTE. With Translation, and Notes, by the Same. 
Cr. Svo. 128. 6d. 

RBADmOS ON THB PUROATORIO OF DANTB. Chiefly baaed on the Oooi- 

mcntary of Benvennto Da Iinola. By the Hon. W. Warren Vernon, M.A 
With an Introduction by the Very Rev the Dsan or St. Paul's. % vols. 
Or. 8va S4s. 
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SPANISH, 

OALDEBON.-FOUB PLAYS OF GALD£RON. With Introdacttoil And Note» 

By KORI^TAN MACCOLLy M.A. Or. 8vo. 14s. 

Hit fbur plays here given an JR Mncipe GMufoMili^ £a Vida u SwmOt SI AkaM% 



MATHEMATICS. 

AUXtaaifAtaf Book-kM!piiig, Algslm^ Bwdid nd Pnro OMBMtiT; Qaomitiloa] 
Drawing; Meinsnratlan* TUgfauauntiy, Analyttoal GMmetiy (Plane and 
8fflld)i FioUHiia and Quaatioiia la MaHmrnatiflu Blgliir Pm Mailie- 

alao PliysloilX Fliysloa (Sound, Ltg|kt» Boat, Eleotiloitj, Elaitlottyi Atfenui* 

ARITHMEmO. 

AT.mS— TRK GJaEAT GiAJST ABiTHMOa A most Elementary ArithmeUc 
for GhildnB. By Kabt BiSAniiiir Au^u. lUnitnted. 6L 8vo. Ss. 6d. 

A&MY PKELIMINAR7 EXAMINATION, SPECIMENS OF PAPERS SET AT 
THE, 1882-89.— With Answers to the Mathpinatlcal Questions. Subjects; 
ArithmetiCi Aigebrft, £uclid| Oeometricai Drawing, Geography, Fnmoh, 
Bttglish IMctatlon. Or. 8va 88. 6d« 

BRADSHAW.— A COURSE OP EAST ARITHMETICAL EXAMPLES FOR 
BEGINNERS. By J. Q. Bradshaw, B.A., Aasiatant Master at 01iftoii€k>lkg«. 

GI. 8vo. 2s. With Answers, 2s. 6d. 

B&OOKSMiTH.— ARITHMETIC IN THEOEY AND rKACIiCB. By J. Brook. 
■MITE, M.A. Or. 870. 4fl. 6d. 

BBOOKSMITH.— ARITHMBTIO FOB BBGINNBBa By J. and B. J. BnoOK. 

SMITH. QL 8vo. Is. 6d. 

CANDLER.— HELP TO ARITKMETTC. Design oi for the Use of Schools. ByH. 
Candler, Mathematical Mamei: of Uppingham School. 2d Ed. Ex. fcap. Sva 
SB.6d. 

DALTON.— RULES AND EXAIVTPLES IN ARITHMETIC. Bythe Rev. T. Dai 

TON, M. A., Assistant Master at Eton. New Ed., with Answenk 18mo. 2s. rd, 

OOYEN— HIGHER ARITHMETIC AND ELEM^ENTARY MENSURATION. 
By P. GoYEN, Inspector oi bchoola, DunediUj New Zealand. Cr. 8vo. 53. 

HATJ. AND KNIGHT.— ARITHMETICAL EXERCISES AND EXAMINATION 
PAPERS. With an Appendix containing Questions in Logabithms and 
Mensuration. By H. 8. Hall, M.A., Master of the Military and Boginewing 

Side, Clifton College, and S. R. Knight, B.A. G1. 8vo. 2s. 6d. 

LOCK.— Works by Rev. J. B. Lock, M.A., Senior Fellow, Assistant Tutor and 
Lecturer in Gonyille and Oaiiu College, Ounbridge. 

ARITHMETIC FOR SCHOOLS. With Answers and 1000 additional Examples 
for Exercise. 3d Ed., revised. 01. 8vo. 4s. 6d. Or in Two Parts 
Part I. Up to and including Practice. 2s. Part II. With 1000 additional 
EzamplM for Bzaicisa. 8a. KBT. Or. 8vo. lOa. Od. 

ABITHMBTIC FOR BEGINNERS. A School Claaa-Book of Oommerala] Arith* 

metic. 01. 8vo. 28. 6(1. KEY. Or. 8vo. 8s. 6d. 

A SHILLING CLASS-BOOK OF ARITHMETIC, ADAPTED FOR USB IN 
ELEMENTARY SCHOOLS. I8mo. U. With Answers. ls.0d. [InJvi/w 
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PSDLET.— BXERCISSS IN ABITHMSTIC for the Use of Schools. Ooataiiuiig 
moro than 7000 original Examples. By Samuel Pkdley. Cr. Svo. 6s. 
Also in Two Fttts» Ss. 6d. esoh. 

SMITH. —Works by Rev. Barnard Smixh, H.A., late FMlow and Soiioir Bnnv of 

St. Peter's College, Cambridgr. 

ABITHM£TIO AND ALG1£BKA, in their Principles and AppUcation; with 
nomefons tyttematioally arranged Examples taken from the Camliridge Bmn- 

ination Paper.s, with especial reference to the Ordinar>' ExaminatiOlL for tibe 

B.A. Degree. New Ed., carefully revised. Gr. Svo. lOs. 6d. 

ARITHMETIC FOR SCHOOLS. Cr. Svo. 4s. 6d. KEY. Cr. Svo. 4s. 6d. 

fiXEKCISEd IN AKIIHMiiTIO. Cr. Svo. 2s. With Answers, 2s. 6d. An- 
•warn aaparately, 6d. 

SCHOOL CLASS-BOOK OF ARITHKETIC. ISmo. 8s. Or separately, la 

Three Parts, Is. each. KEYS. Parts L, IL, and III., 2s. 6d. each. 

SHILLING BOOK OF AlillliMETIC. ISmo. Or separately, Fart L, 2d,; 
Fut IL, 8d. ; Part m., 7d. Answers, 6d. KEY. 18mo. 4s. 6d. 

THB Ainp^ with Anawan. ISmOi aloili. li. 6d. 

UAimrATION PAPBR8 IN ABIfflKBTIC. 18mo. Is. 6d. Tha 8una» 

with Answers. ISmo. 2s. Answers, 6d. KEY. IStt.o. 4s. 6d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PEINCIFLES AND APPLI- 
CATIONS, with Numerous Examplei. 18mo. 8d. 

A CHABT OF THE METRIC 8YSTBM, on a Sheet, t!ae 49 in. liy M in. on 

Roller. Ss. 6d. Also a Small Chart on a Card. Price Id. 

EASY LESSONS IN ARITHMETIC, combining BzerciieB in Beading, Writiagt 

Spelling, and Dictation. Part I. Cr. 8vo. 9d. 

EXAMINATION OARDS IN ARITHMETIC. With Answers and Hints. 

Stendards I. and II., in box. Is. Standards IIL, IV., and Y., in boxes, Is. sadL 
Stondard VI. in Two Parts, in boxes. Is. eaeh. 

A and B papers, of nearly the same difficulty, are given so as to prevent copying, 
and the colours of the A and B papers differ in each Standard, and from those oi 
ererv other Standard, so that a master or mistress can see at a glaiimwliafliertiM 
diilazen bays the proper papers. 

BOOK-KEEPINa. 

TBOBMTOV.— VIRST LBSBONB IN BOOK-KBBPING. By J. Shobhton. Or. 

8vo. 2s. 6d. KEY. Oblong 4to. 10s. 6d. 

PRIMER OF BOOK-KEEPING. ISmo. la. KEY. llmmtdiiMt. 



ALChEBBA. 

DALTON.— RULES AND EXAMPLES IN ALGEBR A B y Rey. T. Daltw, 
Assistant Master at Eton. Fart L 18mo. 28. KBT. Or. 8ya 7a. M. 
Part II. ISnio. 28. 6d. 

HALL AND KNIGHT.— Works by H. S. Hall, M.A, Master of the XilitaKyand 

Engineering Side, Clifton College, and 3. B. Knight, B.A 

BLBMBNTABT ALGEBRA FOR SCHOOLS. 5th Ed., revised and corrected. 
GL 8yD» bound in maroon oolonred Glotb, 8s. 6d.; with Answers, bound in 
grepn coloured cloth, 4s. 6d. [KEY. In th^ Prm. 

ALGEBRAICAL BXERUiSES AND EXAMINATION PAPERS. To accom- 
pany ELEMENTARY ALGEBRA 2d Ed., revised. QL Svo. 2s. 6d. 
HIGHER ALGHBRA 8d Bd. Or. 8yo. 7b. «d. KBT. Cr. 8yo. 10s. 6d. 
JONBS AND OHBYNE.— ALGEBRAICAL EXERCISES. Progressively Al^ 
ranged. By Rev. C. A. Jonbs and C. H. CnETin, M.A., late Mwtrhftmatfflal 
Masters at Westminster School, ISrao. 2a. 6d. 

K£ Y. By Rev. W. Failes, M.A, Mathematical Master at Westminster SchooL 
Gr. 8yo. 7s. ed. 
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SMITH.— ARITHMfiTlG AND ALGEBRA, in tbeir Frinoiples and AppUcation; 
with nmncnoiii •yttematleally arranged BxaroiilM tiken firom tha OamtnldM 

Examination Papers, with especial re' rpnce to the Ordinary Examination ror 
the B.Jl Degree. By ReT. Ba&na&d Smith, M.A, New Edition, carefollj 
rev ised, Cr. 8vo. lOs, 6d, 

8IIITH.— 'Worka by Ohablh Smith, ILA., Master of Sidney Sussex (Mlq{e, 

Cambridge. 

ELEMENTARY ALGEBRA. 2d Ed., revised. Gl. 8vo. 4a. 6d. 
A TREATISE ON ALGEBRA. Or. 8vo. 7b. 6d. KEY. Cr. Svo. 10s. 6d. 
TODHUNTEB.— Works by Isaac Todhuntkr, F.R.S. 
ALQSBRA FOB BBQINNBRa ISmo. Si. Od. EBT. Or.Sva «i. 6d. 
ALGEBRA FOB CX>LLBaBS AND SCHOOLS. Cr. Sra 7a. ed. KBT. Or. 
10s. €d. 



EUCLID AND PUKE aSOMETBY. 

OOOKSHOTT AND WALTERS.— A TREATISE ON GEOMETRICAL CONTCS. 
In accordance with the Syllabus of the As.sociation for the Improvement of 
Geometrical Teaching. By A. Cocxshott, H.A., Assistant Master at Eton ; 
and Rev. F. B. WALrana, M.A., Principal of King WilUam'i College, Isle of 
Man. Cr. Svo. 5s. 

OOMSTABLB.— OBOMETBIGAL EXEBCISBS FOR BEGINNBRS. By Samusl . 

Oow wrAnLE. Or. «m 8a. Od. 
OUTHBERTSON. —EUCLIDIAN OBOMBTBT. By VtuMQU CoTHannoir, M.A.p 

LL.D. Ex. fc-ap. Svo. 4s. 6d. 

DAY.— PR0FEKT1B8 OF CONIC SECTIONS PROVED GEOMETRICALLY. 
By Rer. H. G. Dat, M.A. Fart I. The Ellipse, with an ample collection of 
Problems. Cr. 8vo. 8b. 6d. 

HODGSON .—Wo I ks by Charlis L. DoooaoHt M. A., Student and late Mathematical 

Lecturer, Christ Church, Oxford. 

BUCLID, BOOKS L and 11. 6th Ed., with words substituted for the Alge- 
braical Symbols used in the Ist Ed. Cr. 8vo. 28. 

EUCLID AND HIS MODERN RIVALS. 2d Ed. Cr. Svo. 68. 

CUBIOSA MATHBMATIOA. Part I. A New Theory of PanUels. Sd Bd. 
Cr. Svo. 2s. 

DBBW.^BOMBTRT0AI« TRBATISB ON CONIC 8BCTION8. By W. H. 

Dkkvt, M.A. New Ed., 0Ti]:ir<,'P(!. Cr. Svo. Tjs. 

DUPUIS.— ELEMENTARY SYNTHETIC GEOMETRY OF THE POINT, LINE, 
AND CIRCLE IN THB PLANS. By N. F. Dupuis, M.A., Professor of Pure 
MatlMnnatlea In tbe Unlvenity of Qneen'a College, Knigaton, Canada. Ot 8vo. 

4s. 6d. 

HALL AND STEVENS.— A TEXT liOOK OF EUCLID'S ELEMENTS. In- 
eluding Alternative Proofs, together with additional Tlieoreras and Exercises, 
classified and arranged. By H. S. Hall, M.A., and F. H. Stsvsns, M.A., 
Masters of the Military and Enpine^ring Side, Clifton College. Gl. Svo. Book 
L, la. ; Books L and li., Is. 6d^ Books I.-1V., Ss. ; Books III.- VI., Ss ; Books 
L-YL and XI., 4a. 6d. ; Book XI., Is. [KBT. In preparaiUm, 

BALSTED.— THB BLBMENTS OF GEOMETRY By G. B. Halstbd, Professor 
of Pure and Applied Mathematics in the University of Texas. Svo. 12g. 6d. 

LOCK.— BDCLID FOB BEGINNBRS. Being an Introduction to existing Text- 
books. By Rer. J. B. Loos, M.A. (In Oe Amt. 

MAULT.— NATURAL GEOMETRY : an Introduotlon to the Logical Study of 
Mathematics For Schools and Technical Classes. With Explanatory M odels 
based upon the Tachymetrical works of Ed. Lagout By A. Mault. IHmo, Is. 
Models to Illnstrate the above. In Box, 12s. 6d. 

mUfB AND DAVIS.— GEOMETRICAL CONICS. Part I. The Parabola. By 
Rev. J. J. Mii NE, M.A., and R. F. Davis, M A. Cr. Svo. [In tke Press. 

SYLLABUS OF PLANE GEOMETRY (corresponding to EucUd, Books L-VL)— 
Prepared by the Aaioefatlon for tbe tapioYement of Qeonetrteal Teaeblng. 
Cr. Svo. la. 
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SYLLABUS OF MODERN PLAICE aEOMETRT.— Prepared by the AssocUtioii 

tor the ImptovmuoLt of Cteometricil TMmWng, Ch*.8T0* Snrad. 1m» 
TdDHUNTEB.— THE ELEMENTS OF EUOLID. By L ToamuwOB, V.R.& 

18mo. Ss. KEY. Cr. Svo. 6s. 6d. 
WILSON.— Works by lUv. J. M. Wilson, M.A., Head Master of Clifton College. 
ELEMENTARY GEOMETRY. BOOKS I.-V. Containing the Sul^ects of 
Baelid'g first Six Books. Following the SyUaboe of tin Geomefericat Anoela- 

tion. Ex. fcap. Svo. 48. 6d. 

SOLID OEOMBTBY AND CONIC SECTIONS. With AppendiceB on Tnuts- 
YersalB and Baimonte DiTiiion. Ex. fcap. St. 6d, 



GEOMETRICAL DRAWING-. 

EAaLES.-CONSTRUOTIVB GEOMETRY OP PLANE CURVES. By T. E. 
BaoueS) If. At bifltmctor In Oeoinetrlcal Drawing and Iieotovsr te AFehlteotuie 

at ihp. Royal Indian Engineering College, Coopers TTill. Cr. Svo. 123. 

ED0AR AND PRITOHARD.-NOTE-BOOK ON PRACTICAL SOLID OR 
DESCRIPTIVE GEOMETRY. Containing Problems with help fior Solutions. 
By J. H. BnOAB and G. 8. PRrrcRARD; 4th Bd., le^lied by A Bten. QL 

8vo. 48. 6d. 

KITCHENER.— A GEOMETRICAL NOTK BOOK, Containing Bagr Problems in 
Geometrical Drawing preparatory to tiie btudy of Geometry. For the Use of 
Sdiools. liy F. B. EiTCHEHBB, M.A| Head Maiter of the NeweasOo-iiBder- 

Lyme Higli School. 4to. 2s. 

MILLAR.— ELEMENTS OF DESCRIPTIVE GEOMETRY. By J. B. Millar, 
Civil Engineer, Lectorer on Engineering in the Victoria Universityi Manchester. 
2d Ed. Cr. 8vo. 6s. 

PLANT.— GBOMBTBIOAL DRAWING. ByB.aPi.A»& Globe 8to. 

[In prqnrtUUm, 

MENSURATION. 

SraVENS. -ELEMENTARY MENSURATION. With Exercises on the MeilSQlfr 
tion of Plane and Solid Figures. By F. H. Stxtxks, H. A QL Svo. 

[In preparation. 

TBBAT.— BLEMBNTABT MBNSURATION FOB SOHOOLfi. By a Tbbat. 

Ex. fcap. Svo. Ss. 6d. 
XODHUNTER.— MENSURATION FOR BEGINNERS By Isaac Todhumek, 
F.R.S. 18mo. 2s. 6d, KEY. Kev. Fb. L. McGa&xht. Cr. Svo. 7s. 6iL 



TRIO-ONOMETRY. 

BBASLF7.— AN ELEMENTARY TREATISE ON PLANE TRIGONOMETRY. 
With Examples. By K. D. Beaslsy, M.A. 9th Ed., reviBed and enlaiged. 
Or. 8to^ 81. 0d. 

BOTTOMLET.-FOITTl-FIGURE MATHEMATICAL TABLES. Comprising Lo- 
garithmic and Trigonometrical Tables, and Tables of Squares, Square Roote, I 
and Reciprocals. By J. T. Bottomley, M.A,, Lecturer in Natural Philosophj 
in the University of Glasgow. Svo. 2s. 6d. 

HATWARD.— THE ALGEBRA OF CO PLANAR VECTORS AND TRIGONO- 
METRY. By R. B. JEUywaad, M.A., F.R.&, Assistant Master at Harrow. 

[In preparation, 

JOHNSON.— A TREATISE ON TRIGONOMETRY. By W. E. Johnson, M.A. 
late Scholar and Assistant Mathematical Lecturar at King's College, Cam' 
bridge. Cr. Svo. 8s. 6d. 

LOCK.— Works by Rev. J. B. Lock, M.A., Senior Fellow, Assistant Tutor and 

Lecturer in G onville and Cains College, Cambridge. 

TRIGONOMETRY FOR BEGINNERS, as far as the Solutkm of TriaaglM. M 

Ed. GL Svo. 2s. 6d. KEY. Cr. Svo. 6s. 6d. 
BLBMBNTABY TRIGONOMETRY. 6th Ed. (in this edition the chapter on 

logarithma haa been caiefhlly lerised). G1.8vo. 4s. 6d. KBT. Gr.Svob 8b. ML 
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HIGHSR TRIOOKOIIBTRT. 6th Bd. QL Svo. 4i. Od. Bolh FMrto oomp1«te 

in One Volume. Gl. 8vo. Ts. 6d. 
MmELLAND AND PRESTON.— A TREATI8K ON SPHERICAL TRIGONO- 

HKTRY. With applications to Spherical Geometry and namerous Examples. 

By W. J. M'Olblland^ M.A., Principal of the Incorporated Society's School, 

Santry, Dublin, and T. Preston, M.A. Cr. 8vo. 8a» 6d., or: Put I. To the 

End of Solution of Triangles, 48. 6d. Part II,, 5s, 
PALMER.— TEXT -BOOK OF PRACTICAL LOGAlilTHMS A]N1> TRIGONO- 

MBTBT. By J. H. Paucsh, Hwdmaster, ILK., H.M.& CamJbridge, Defon- 

port. GU 8vo. 48. 6d, 

SNOWBALL.— THE; ELEMENTS OF PLANE AND SPHERICAL TRIGONO- 
METRY. By J. C. Snowball. 14th Kd, Cr. 8vo. Ts. 6tL 
TODHUMTBR.— Works by Isaac Todbusteb, F.R.B. 
TRIGONOMETRY FOR BBGINNBIUSL ISmo. 28. 6d. KBT. Gr. 8va 8s. 6d. 

PLANE TRIGONOMETRY. Cr. Svo. 5s. KEY. Or. 8vo. lOs. 6d. 
A TREATISE ON SPHERICAL TRIGONOMETRY. Cr. Svo. 48. 6d. 

WOLSTENHOLME.— BXAMPLBS FOR PRACTICE IN THE USB OF SBVEN- 
FIGUBB LOOABIKHMS. By Joopk Wouniiaoufs, D.Bo., tete Professor 
of Mathmatlcn In the Bqyal Indian Bngineeilng OoU., Ctoopei's HJIL 8va 
fii. 



ANALYnOAIi asOMETBT (Plane and Solid). 

DTER.-EXERCISES IN ANALYTICAL GEOMETIRY. By J, M. Drxa, M.A., 
Aasistant Master at Eton. Illustrated. Cr. Svo. 4s. 6d. 

FBBBSBS.— AN BLBHBNTABT TBBATI8B ON TRILINBAB CO-ORDIN. 

ATES, the Method of Reciproosl Polars, and the Theory of ri-oit'rtors. By 
the Rev. N. M. Fkrreks, D.D., F.R.8., Master of Qonville and Caius College, 
Cambridge. 4th £d., revised. Cr. Svo. 6s. Cd. 

FB08T,— Wofte hy FntoirAi* Fbost, D.8e., F.B.8., Fellow and ICafhematiCBl 

LeefcoTCir at Kinpr's College, Cambridge. 
AN ELEMENTARY TREATISE ON CURVE TRACING. 8?0. 128. 

SOLID GEOMETRY. 3d Ed. Demy Svo. 16s. 

HINTS FOB THE SOLUTION 0¥ PROBLEMS in the Ihird Edition of SOLID 

GBOXBTRT. 8to. 8s. 8d. 

HAYWARD.— THE ELEMBNTS OF SOLID OBOVBTBT. By K B U.kwvard, 

M.A., F.R.S. Gl. Svo. [In the Press, 

JOmiSON.— OUBVB TRACING IN CARTESIAN CO ORDINATES. By W. 
Wooirar Joawsoir, Proftasor of Mathematies at the U.S. Naval Academy, 

Annapolis, Maryland. Cr. Svo. 48. 6d. 
PUCKLE.— AN ELEMENTARY TREATISE ON CONIC SECTIONS AND AL- 
GJBBRAIO GBOMETRY. With Numerous Examples and Hints for their Sol- 
nttoa. By O. H. Pvoklb, M.A. 8tii Bd.. revised and enlaijged. Or. 8vo. 
7c ed. 

SMITH.— Works by Oh4BT.» Skitb, Master of Sidney Sussex College, 

Cambridge. 

CONIO BBOnONB. Ttii Bd. Cr. 8vo. 7s. 6d. 

SOLUnONB TO COMIC SBOnONa ar.8vo. 10s. Od. 

AN ELEMBNTABT TBBATI8B ON SOLID GBOMBTRT. 2d Bd. Cr. 8vo. 

9s. 6d. 

TODHUNTER.— Works by Isaac Todhuntbr, F.R-S. 
PLANE CO-ORDINATB GBOMBTBT, as applied to the Straight Line and the 
Conic Sections. Or. 8vo. 7a. 6d. 

KEY. By 0. W. BooBio, M.A., Headmaster of King's College School. Or. 8vo. 

10s. 6d. 

EXAMPLES OF ANALYliCAL GEOMETRY OF THREE DIMENSIONS. 

New Bd., If Vised. Cr.8va. 4s. 

C 
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PROBIxBMS AND QUESTIONS IN 
MATHFiMATICa 

ABMT PBELDinijlBT EXAUHATION, 1882-1889, Specimens of Papers set st 

the. With Answers tn tho Mathematical Questinns. Sultiects : Arithmetic, 
Algebra, £uclid, Qeonietiical Drawing, Geograpby, Frenchi Bngiisti Dictation. 
Or. 8w. 8a. 6d. _____ 
OAMERIBOB SBVATB^HOTIBB PS0BLB1I8 AMD BIDEBfl^ WITH BOLU- 

TIONS:- 

1875— rilOBLEMS D RIDERS. By A. G. Grkenhill, F.R.S. Cr. 8vo. Ss. 6.1. 
1878-SOLUTIONS OF SENATE-HOUisB PROBLEMS. By the MaLhematicai 

Moderators and Bxaminers. Edited by J. W. L. Olaisbkb, F.B.8., Mlow ot 

Trinity College. Cambridge. 12s. 
OHBISTIB.— A COLLECTION OF ELEMENTARY TEST-QUESTIONS IN PURE 

AND MIXED MATHEMATICS: with Answers and Appendices on Synthetic 

Division, and on the Solution of Numerical Eqnatiom Df Honer^ft Jfatliod. 

By Jambs R. OnRTsriE, F.R.S. Cr. 8ro. 88. 6a. 
BULNE.— Workg by Kov. .]<)}\s J. Milsr, Private Tutor. 
WEEKLY PROBLEM PAPERS. With Xotes intended for the use of Students 

preparing for Ifstihsmatical Scholarshipn, and for Junior Members of the Uili» 

versities who are reading for Mathematical Honours. Pott 8vo. 4s. 6cL 
SOLUTIONS TO WEEKLY PROBLEM PAPEliS. Cr. Svo. 10s. Gd. 
COMPANION TO WEEKLY PROBLEM PAPERS. Cr. 8vo, lOs, 64. 

aANDHURST KATHBICAIIOIL PAFBM^ for sdmfssfon into tiw Royal Mflltary 

College, 1881-1889. Edited by E. J. Brooksmith, B.A., Instractor In Mathe- 
matics at the Roynl Militan' Academy. Woolwich. Cr, 8vo. [In t?ie Prm. 

WOOLWICH MATHEMATICAL PAPE&S, for Admission into the Boyal Military 
Aesdsmy, Woolwich, 1880-1888 InflitaiilTS. SdiM by B. J. Bboomimith; BjL 

Or. ??vo. 63. 

WOLSTENHOLME.— Works by Joskpr Wolstenholme, D.Sc, lats Flmfnasnr nf 
Mathem atics in the lioyal Engineering Coll. Cooper's HilL 
MATHBMATIOAL PROBLBMS, on 8ntt}«et8 included tn the First and Second 
Divisions of the Schedule of Subjecta for the Cambridge Jibthematieel OMpos 

Examination, New Ed., greatly enlarj^ed. Svo. 18s. 

EXAMPLES FOR PRACTIOB IN THE USB OF SEVBN-FIGUBB LOGAB. 
ITHMa 8Ta 6b. 



HIQHEB PUBB MATHEMATICS. 

AIRY.— Wor]-:s r»v Sir G. B. Airy, K.O.B., formerly ABtroTvincr- Royal. 

ELEMENTARY TREATISE ON PARTIAL DIFFBRBNXIAL BQUAIION& 

With Diagrams. 2d Ed. Cr. Svo. Ss. 6d. 
ON THB }yLOBBRAI0AL AND NUMBBIOAL IHBOBT OP BBR0B8 OF 

OBSERVATIONS AND THB OOHBINATION OF OB8BBVAXI0N& 

?<1. Ed., revised. Cr. Svo. 68. 6d. 

BOOLE.— THE CALCULUS OF FINITE DIFFERENGBa ByG.BoOLB. SdBd., 

revised by J. F. Modlton, Q.C. Cr. Svo. iOs. 6d. 

CARLL— A TREATISE ON THE CALCULUS OF VARIATIONS. By Lbwis B. 
CARLf^ Arranged with the purpose of liatiodneing, as well as lUiutmting, its 

Principles to the Rea^U-r by means of Problems, and Desitrneil to present in all 
Important Particulars a Complete View of the Present sute of the Science. 
8vo. 218. 

EDWARDS.— THE DIFFBRBNTIAL GALOniiUS. By Joseph Edwabds, ILA, 

With Applications RTt^ Tinmerous Examples. Cr. Svo. lOs. 6d. 

PERRERS.— AN ELEMENTARY TREATISE ON SPHERICAL HARMONICS, 
AND SUBJECTS CON^LUTED WITH THEM. By Rev. N. M. Fs&bxrs, 
I>.D.,F«R.B.,MastefofGonville tad Grins ObUegSiGunbtidge. Chr.Syo. 7s. 8d. 
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FOiBSTTH.-A TREATISE ON DIFFERENTIAL EQUATIONS. By Ant>bew 
Russell Forsyth, F.R.S., Fellow and Assistant Tutor of Trinity Coll^, 
Cambridge. 2d £d. 8va 148. 

PaOST.^ANBUBMBirrARTTREATISB ON OimVB TRACING. ByFftBOTAi. 

Frost, M.A., D.Sc. 8vo. 12s. 
OREENHILL.— DIFFERENTIAL AND INTEGRAL CALCULUS. By A. G. 

G&s&NHiLL^ Professor of Mathematics to the Senior Class of Artillezy Officers, 

WoolwfadL Or. 8vo. 7t. M. 
JQBNSON.^Works bj William Woolsey Johnsor, FkoliMaor of Mstiwnubtief mt 

the U.S. Naval Academy, AnriRpolis, Maryland. 

INTEGRAL CALCULUS, an Elementary Treatise on the; Founded on the 

Method of Rates or Fluxions. 8yo. 9s. 
CUBTB TRACING IN 0ARTB8IAN OO'OBDINATES. Cr. Svo. 4b. 0d. 
A TRBATIBB ON OBDINABT AND DIFFBRENTIAIi BQUATIONS. Bz. er. 

8vo. 15s. 

KELLAND AND TAIT.— INTRODUCTION TO QUATERNIONS, with luimerous 
examples. By P. Kkllamd and P. G. Tait, Professors iu the Department of 
MAthimattcsiiitaieUiiivenityof Xdiabnigli. SdBd. Or, 8vo. 7t.M. 

KBHFB.— HOW TO DRAW A STRAIGHT LINN : a Lectore onk Linlnges. By A. 

B. Kempe. ninstnited. Cr. 8vo. Is. 6d. 

XMOX.-DIFF£:rentiaL CALCULUS FOR BSQINNERS. By ALEZAn>m 

Kj*ox. Fcap. 8vo. Ss. 6d« 

MERRIMAN.— A TEXT-BOOK OF THE METHOD OF LEAbT SQUAREa By 
Makbfisld Mbrbimaii, PMflBMor of OMl BngliMBriiig Leliii^ Unhmity, 

U.S.A. 870. Ba. <kL 

MUIR.— Works "bv Tnm. Muib, Mathematical "^Tasterin the High School of Glasgow. 

A TREATISE ON THE THEORY OF DETERMINANTS. With gradoated seto 

of Examples. Cr. 8vo. 7s. dd. 
THB THBORT OF DETERMINANTS IN THB HISTORICAL ORDER OF IIB 

DEVELOPMENT. PartL ]>otaniiiiuuitiillG«Mi«L LeAbliits(iaM)toOa7. 

ley (1841). 8vo. lOs. 6d. 

BIOE AND JOHNSON.— DIFFERENTIAL CALCULUS, an Elementary Treatise oa 
the ; Founded on the Method of Bates or Fltudont. By J. IL BiCB, Proltenor 
of Mathematics in the United States Navy, and W. W. Johnson, Professor of 
>iathematics at the United States Naval Aosdsmy. Sd Ed., rsTised and cor- 
rected. 8vo. 183. Abridged Ed. 9s. 

TODHUNTBR.— Works by Liaac Tonnu^im, F.R.S. 

AN BLBMBNTART TBBATIBB ON THB THBOBT OF EQUATIONS. 

Cr. Svo. 7s. 6d. 

A TREATISE ON THE DIFFERENTIAL GALOULU& Or. 8va Vta. ed. 

KEY. Cr, 8yo. 10s. Ud. 
A TREATISE ON THE INTEGRAL OALOUIiUS AND ITS APPUOATIONS. 

Gr. 8yo. 10a. 6d. RET. Cr. Svo. 10s. 6d. 
A niSTORY OP THE MATHEMATICAL THEORY OF PROBABILITY, tan 

the time of Pascal to that of Jjaplace. Svo. ISs. 
AN ELEMENTARY TREATISE ON LAPLACE S, LAME iS, AND BESSEL'S 
FUNCTION& Or.8?o. 10k M. 



MSOHANIOS ; Statics, Dynamios, Hydrostatios^ 
Hydrodynamioa. (See also Fhyaioa) 

ALEXANDER AND THOMSON.— ELEMENTARY APPLIED MECHANICS. By 
Prof. T. Alex vnoir, and A. W. THOinoif. Part 11. TkansvorBe Btrass. 

Cr. 8yo. lOs. 6d. 

BALL.— EXPERIMENTAL MECHANICS. A Course of Lrctures delivered at the 
Royal College of Science for Ireland. By i^iv K. Ball, F.R.^ 2d Ed. 
ninttrated. Or. Svo. te. 
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OHISHOLM.-THE SCIENCE OF WEIGHING AND MEASURING, AND THE 
8TANDABDS OF MEASUBB AND WEIGHT. By H. W. Chisholm, Warden 
oftiwStaftdardt. niostimtad. Or. 8to. 4b. M. 

OLARKE.~A TABLE OF SPECIFIC GRAVITY FOR SOLIDS AND LIQUIDS. 
Constants of Nature : Part I.) New Ed., revised and enlarged. By F. W. Clarke, 
Chief Chemist, U.S. Geological Survey. 8vo. 12a. 6d. (Published for tlie 
BmlthBonton Institatioii, Waihingtoii, n.8.A.) 

OLIPFORD.— THE ELEMENTS OF DYNAMIC. An Introduction to the Study of 
Motion and Rest in 8olid and Flnid Borlies. By W. K. Clifford. Part I.— 
Kinematic, Cr. 8vo. Books I — ill. Ts. Gd. ; Book IV. aud Appendix, Gs. 

OOTTERnJi.— APPLIED MECHANICS : an Elementary General Introduction to 
the Theory of Structures and Machines. By J. H. Cottirill, F.R.8., Prnfoiwor 

of Applied Mf:r]ifinics in the Royal Naval College, Greenwich. 8vo. 18g. 

OOTTERILLANDSLADE.— ELEMENTARY MANUAL OF APPLIED MECHAN- 
ICS. By Prof. J. H. Cotterill and J. H. Slads. Cr. 8yo. [In the Iress. 

DTKAHIOS, 87LLABIJ8 OF ELBMBNTABT. Bart L Unear IXyiuiiiilM. With 

an Appendix on the MpaniTi!;'s of the Symbols In. Physical Equations. Prepared 
by the Association for the Improvement of Geometric;^).! Teaching. 4to. Is. 

OAMGUILLET AKD KUTTEB.— A GENERA L FOR MULA FOR THE UNIFORM 
FLOW OF WATER IN RIVBR8 AND OTHER 0HAIVNBL8. By E. Oay. 

OUILLET and W. R. Ktttter, Engineers in Bf rnc, Switzerland. Translated firom 
the German, with numerous Additions, including Tables and Diai^rains, and the 
Elements of over 1200 Gaugings of Rivers, Small Channels, and Pipes in English 
Measure, RmxHirB Hnivo, Assoc. Am. Boa C.E., M. Inst. C.E., and JoBV 
C. Trautwine Jun., Assoc. Am. Sec. C.B., Assoc. Tnst. C.E. 8vo. 178. 

ORBATES.— Work? by Joh>7 Grfayxs, M.A., Fellow and Mathematicml Leoturer 

at Ciirist's Culiege, Cambridge. 

STATIOB FOR BEQINKBBa GLSyo. $a.6d. 

A TBBATI8B ON BLEHENTART STATICS. MBd. Or. 8vo. 6i.fld. 
mOKa— ELEMENTARY DYNAMICS OF PARTICLES AND SOLIDS. By 
W. M. Hicks, Principal and Professor of MatbemaUca and PhyiicSi Firth Col- 
lege, ShefQeld. Cr. 8vo. ds. 6d. 

JELLBTT.-^ TREATISE ON THE THEORY OF FRICTION. By John H. 
JSULRT, BJO., late Provost of Trinity Gollege, Dalilte. 9fih, 8i. 6d. 

KENNEDY.— THE MECHANICS OF MACHINBRY. By A B. W. KmniT, 

F.R.8. Illustrated. Cr. 8vo. 12s. ed, 

LOOK.— Works by Rev. J. B. Lock, M.A. 
ELEMENTARY STATICS, id Ed. GL 8vo. 4a. 
DYNAHIGB FOR BBGINNBR& MBd. OLSra 4a. «d. 

MAOaREGOR.- KINEMATICS AND DYNAMICS. An Elementary Trt atiae. 

By J. G. MacGrkgor, D.Sc., Mnnro Professor of Physica in Dalhouaie GoUegr, 

Halifax, Nova Scotia. Illustrated. Or. Svo. lOs. 6d. 
PARKINSON.— AN ELEMENTARY TREATISE ON MECHANICS. By 6. 

Parkinson, D.D., F.R.S., late Tutor and Prelector of St John's College, 

Cambridge. 6th Ed., revised. Cr. Svo. 9s. 6d. 

PIRIE.— LESSONS ON RIGID DYNAMICS. By Rev. G. PiRis, M.A., Profeaaor 
of Mathematics in the University of Aberdeen. Cr. Svo. Os. 

BSDLBA1IX.— THE KINEMATI08 OF MAOHIKBBY. OnfUnat of a Theoiy of 

Machines. By Prof. F. Reui k aitx. Translated and Bdltad by Tnt A B. W 

Kennedy, F.R.S. Illustrated. Svo. 218. 

ROUTE.— Works by Edward John Kouth, D.So.» LL.D., F.B.a, Hon. Fellow 
of St Pelet^ College, Camhridge. 
A TREATISB ON THE DYNAMICS OF THE SYSTEM OF RIGID BODIEa 

With numerous Examples. Fourth and enlarged Edition. TwoYola. Sra 
Vol. 1.— Elementary Parts. 14s. Vol. II.— The Advanced Farta. 148. 
STABILITY OF A GIVEN STATE OF MOTION, PARTICULARLY STEADY 
MOTION. Adams Prize Essay for 1877. Svo. Ss. 6d. 

SANDERSON. -HYDROSTATICS FOR BEGINNERS. By P. W. Buiomon, 
M.A., Assistant Master at Dulwioh College. QU 8vo. 48. 6d. 
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TAIT AKD STEELE. -A TRBATI8B ON DYNAMICS OF A PARTICLE. By 
gtofeaaor Tait, M.A., and W. J. Stsbu, B.A. 6th Bd., revised. Cr. 8yo. 12s. 
VQIXBDllTBR.~Works tqr bAAO Toubdiitib, F.B.& 

MECHANICS FOR BEGTN^TERS, 18ma 4s. 6d. KEY. Cr. 8vo. «s. «d. 
A TREATISE ON ANALYTICAL STATXCfi. 6Ui Ed. Edited \fj Prof. J. D. 
Btsrktt, F.B.S. Cr. 8yo. lOs. 6d. 



PHYSICS : Sound, Light, Heat, Electricity, Elasticity, 
AttractionSi eto. (See also Mechanioa) 

AIRY. — Works by Sir G. B. Airy, K.C.B,, formerly Astronomer-Royal. 

ON SOUND, AND ATMOSPKERTC YIBHATIONS. With the MathoiDAtiGa] 

Ekn 1 en t-a o'f Music. 2d Ed., revised and enlargerl. Cr. 8V0. 98. 

A TliEATISB UN MAGiSfilLaM. Cr. 8vo. 98. 6d. 

GBATITATION: an Bltfnieiiteiy Bxplaaatlon of the Frindpal tetnrhatlmia In 

the Solar System. 2d Ed. Cr. Svo. 78. 6d. 
OLAUSIUS.— MECHANICAL THEORY OF HEAT. By R. OuLUSius. Trans- 
lated by W. R. Browne, M.A, Cr. 8vo. 10s. 6d. 

OUMMINa.— AN INTRODUCTION TO THE THEORY OP ELECTRICITY. 
By LnaiiR»Ouiaiiiro,]LA.,AaBiatBiitlfMteratBiigbj. Illnstrated. Or.aro. 
Bs. 6d. 

DAKIBLL.— A TEXT-BOOK OF THE PBXNCIFLBS OF PHYSICS. By Alfrsd 

DamLL, D.Se. lUiiatrated. M Bd., Terised and enlarged. 8to. Sle. 
nAT.— BliECTRIO LIQHT ARITHMETIC. By R. E. Dat, Evening Leetnier fa 

Experimental Physics at King's College, London. Pott 8vo. 

BVERBTT.— UNITS AND PHYSICAL CONSTANTS. By J. D. EvBajsTi, F.aS., 
Professor of Natnial Philosophy, Queen's College, Belfast. 2d Bd. Ex. fcap. 
8vo. 58. 

FBERERS.— AN ELEMENTARY TREATISE ON SPHERICAL HARMONICS, 
and Sal^ects connected with them. By Rev. N. M. Ferrers, D.D., F.R.S., 
llaeter of Oonville and CUm OoQegei CMnbndge. Or. 8vo. 78. 6d. 

FBSSENDEN.— A SCHOOL OLASS-BOOK OF PHTSIOa By C YfasmoBK, 

Ilhistrated. Fcp. 8vo. [I >i the PrtU, 

ORAY.— THE THEORY AND PliACTICB OF ABSOLUTE MEASUREMENTS 
IN BLBOTRIOITY Ain> KAGNBTiaM. By A. Gray, F.R.S.E., Professor 
of Physics in the U&iTenltj College of Konh Wales. Two Vols. Cr. Svo. 
VoL I. 12s. 6d. [Vol. II. Jn tht, Press. 

ABSOLUTE MEASUREMBNTS IN ELECTRICITY AND MAGNETISM. 2d 
Bd., reriied and gieatly enlaiged. Ftep. Svo. Ss. 8d. 
OTBTSON.— THE MATHEMATICAL THEORY OF PERFECTLY BLASTIC 
SOLIDS, with a Short Anconnt of Viscous Plnids. By W. J, iBunov, late 
Senior Scholar of Clare Ck)Uege, Oajii bridge. 8vo. 2l8. 

JONES.—BXAMPLBS IN PHYSICS. By D. B. Joms, B.Sc, Professor of Physics 

in tiie University College of Wales, Aberystwyth. Fcap. Svo. 3s. od. 

SOUND, LIGHT, AND HEAT. An Elementary Text-fiook. With Illustra- 
tions. Fcap. 8vo. [In the Press. 

LODGE.— MODERN VIEWS OP BLBOTBIOITT. By OLiviai J. Lodge. F.R.S., 
Professor of Experimental Physics in Unlrersity College, Liverpool. Ulna* 

trated. Cr. Svo. 68. Bd. 

LOBWY.— Works by B. Lobwt, Examiner in Experimental Physics to the College 
of Preceptors. 

QUBSTIONS AND EXAMPLES ON EXPERIMENTAL PHT8I0S: Sound, 

Light, Hent, Electricity, and Mag:netism. Fcap. Svo. 2.s. 

A GRADUATED COURSE OF NATURAL SCIENCE FOR ELEMENTARY 
AND TBGHNTOAL BOHOOLS AND COLLEGES. In Three Parts. Part I. 

Fini?T Year's Courts e, 01. Svo. 23. 

LOPTON.— NUMERICAL TABLES AND CONSTANTS IN ELEMENTARY 
SCIENCE. By S. Lufton, M.A., late Assistant Master at Harrow. Ex. fcap. 
8va 91. Qd. 



Digitized by Google 



80 MATHEMATICS 

MAOFA&LAl^B.— FHYSIGAL ARITHMBTia Bv A. Uacwaxlauk, D.Sc., late 
giamfmr in M ■thimatlfli «t Hm Unifwwity of Iwlnlwngiu OSitvoi 7a. dd. 

MAYER.— SOUND : a Series of Simple, Bntertainin^, and Inexpensive Experi- 
ments in the Phenomena of Sound. By A. M. Mateb, Professor of Fbjaioi 
in the Stevens Institute of Technology, Illustrated. Cr. 8vo. 8s. 6d. 

MAYER AND BARNARD.— LIGHT : a Series of Simple, Bntertalnlng^ and Jatat- 
pensive Bxperiments in the Phenomena of light. A,1L MAm and €L 
Barnard. Illustrated. Cr. 8vo. 2s. 6d. 

MOLLOY.— QLBANINGS IN SCIBNOB : Popular Lectures on Scientiflc Satuects. 

By the Bev. Gsrald Mollot, D.Sc, Rector of the Catholic UnlTorBlty of 

Ireland. 8vo. 7s. 6d. 
HEWTON.-PRINCIPIA. Bdittd ligr Fnl Sir W. laomoii aal FMt Blaok- 

BURNS. 4to. 81s. 6d. 

THB FIRST THREE SECTIONS OP NEWTON'S PRINCIPIA. With Notea 
and Illustrations. Also a Collection of Problems, principally intended as 
Examples of Newton's Methods. By P. Frost, M.A., D.Sc. 3d. Ed, 8vo. 12s, 

PARKINSON.— A TREATISE ON OPTICS. By 8. Parkinbok, D.D., F.RS., 
late Tutor and Prselector of St. John's CoU^e, Cambridge. 4th Ed., revised 
and enlaigod. Cr. Sro. lOi. M. 

PBIBODY.-THERMODYNAMICS OP THB STEAM-ENGINE AND OTHER 
HEAT-ENGINES. By Cecil H. Pea body, Associate Professor of Steam 
Engineering, Massachusetts Institute of Technology 8vo. Sis. 

FBBBT.— 8TBAM: an SloiM&tuT TreatiM. Jon tasr» V t ot tt m i 

of Mechanical Engineering and Aiqplled Xediiiiiea at tfaa Teobnical (MUgi^ 

Finsbury. ISmo. 4s. 6d. 
PRESTON.— A TRBATISB ON THB THEORY OF LIGHT. By Thomai 

Pnmoir, ILA. nioitratsd. Stou {h^Un^PrmL 
BA7LEIGH.— THE THEORY OF SOUND. Bj Loid Rayleigh, F.R.& 8vo. 

Vol. I. 128. 6d. Vol. II. 128. 6d. (Vol. flL In ihe Prtst. 

SHANN.— AN EL EMEN TARY TRBATISB ON HBAT, IN RELATION TO 

BTBAM AND THB 8TBAH-BN0INB. By 0. SiiAinr, ICA Illnalnted. 

Cr. 8vo. 4 s. 6d. 

8POTTISWOODE.— POLARISATION OF LIGHT. By the latd W. SPOXXiBWOOiD^, 

F.R .8. Illustrated. Or. 8vo. 3s. 6d. 
nSWABT.— Works by Batj^omt Btkwabt, F.R.8., lata LugworClij FroAMorof 

Physics in the Owens College, Victoria University, Manchester. 
PRIMER OF PHYSICS. Illustrated. With Questions. 18mo. Is. 
LESSONS IN ELEMENTARY PHYSICS. Illustrated. Fcap, 8vo. 4a. 6d. 
QUESTIONS. By Prof. T. H. Cork. Fcap. 8vo. 2s. 

STEWART AND GEE.— LESSONS IN ELEMENTARY PRACTICAL PHYSICS. 
By Balfour Stkwabt, F.B.S., and W* W. Haldane Gek, B.80. Cr. 8m 
Vol. I. General Physical Processes. 6s. Vol. II. Electricftt aitd 
Maonetibm. 7s. 6d. [Vol. IIL Optics, Hxat, and Sound. In the Prut. 

FBAGTIOALFHISIQB FOR SCHOOLS AND THB JUNIOR STUDBNTS OF 
00LLBGB8. QL Vol. I. Blbctricttt and Magnetism. 28. 0d. 

[Vol. IL Optics, Heat, and Sound. In the Prm, 

STOELES.— ON LIGHT. Btimett Lectures, delivered in Aberdeen to. 1888 -4-6. 
By Sir O. O. Stoku, F.R.8., Lnesslan Professor of Mathematlet tn the 

University of Cambridge. First Course ; On the Nature of Light. Second 
Course : On Light as a Means of Investigation. Tliird Course : Ox xhi 
B£N£riciAL ErrBora of Light. Cr. 8vo. 7s. 6d. 
\* The 2d and 8d Courses may be had separately. Oh 9m» 6d. tMdi. 
SIONE.— AN ELEMENTARY TRBATISB ON SOUND. By W. H. Snn 
Illustrated. Fcp. 8vo. Ss. 6d. 

TAIT.— HBAT. By P. G. Tait, Professor of Natural Philosophy in the University 
of Bdinborgb. Or. 8vo. 6s. 

TAYLOR.— SOUND AND MUSIC. An Elementary Treatise on the Physical Con. 
stitution of Musical Sounds and Harmony, including the Chief Acoustical 
Discoveries of Professor Helmholtz. By Sedlxt Tayloa, M. A. Illustrated. 
2d Ed. Bx. Or. Svo. 8s. 0d. 
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THOMPSON. - ELBMBNTARY LESSONS IN BLKCTRICITY AND MAGNBT- 
ISM. By SiLTANXTS p. Thompson, Princinil and Professor of Physics in the 
Technical College, Finshuiy. lUiinrated. NmrBd., revised. Fcap. 8to. 4s. 6d. 

THOMSON.— Works by J. J. Tbommw, Fiotaor Of Bzpttimiiitel Plijfaiot In tlM 

University of Cambridge. 

A TKEATISB ON THE MOTION OP VOBTBX RINGS. Adams Prize Essay, 
188S. 

APPLIOATIOlilSOFDTNAUIOBTOFHTBICB ANDOHXMIBIBT. Gr.Sro. 

7s. 6d. 
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Kennedy, F.R.8. Illustrated. Svo. 218. 
WHITHAM.— STEAM-ENGINE DESIGN. For the Use of Mechanical Engineers, 
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younger Naval Officers. With Questions for Examinations and Bzerclsef 
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' A Complete Series of 84 Modem Haps. With Geographical Index to 100,000 
places. Half-morocco. Gilt edges. Folio. £2:1*2: 6 net. 
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